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PREFACE. 



When comparing the last stereotype impression of 
my "Outlines op Geology," published in 1834, with 
the most recent geological works of the present day, 
with the intention of reforming it into a new edition, I 
have found that such had been the progress of the 
science during the last few years, that a considerable 
portion of the work would require an entire change. 

Instead, therefore, of presenting my friends and the 
public, with a new edition, I herewith offer them a 
new book; and which, I cannot but think, contains 
much more interesting and important matter, than the 
old one did, even when it was new. 

The subjects of Fossil Botany and Animal Re- 
mains, have received particular attention; these being 
' not only the most popular and instructive branches of 
Geology, but those on which naturalists, both at home 
and abroad, have lately bestowed the most laborious 
and profound investigations. 

Some of the old Lignographs, with their descrip- 
tions, on points where no improvements had been 
made, and also some of my speculations on the 
"Mosaic System op Botany," and on the "Days of 
Creation," have been retained. In other respects, 
the work is made of new matter, and has a xvevi iv^tcv^. 



IV PREFACE. 

With respect to the illustrations, the engravings were 
executed by Mr. Seth H. Clark, and stereotyped 
by Mr. R. H. Hobbs, both of this city; and I have 
much pleasure in believing that, in works of this 
description, our country can show no better specimens 
of either art. 

Hartford, {Conn.) March, 1847. 
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Rd. '' Richardson's Geology. 
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Lign, *' Lignograpb, wood cut. 

Dr. Mantell's Works contain some of the most beautifol 
geological engravings, extant; and to these I am chiefly in- 
debted for the ornamental part of my book. 
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ELEMENTS OF GEOLOGY. 



CHAPTER I. 






Definition. The term Gboi.qgv is derived from Gireek, 
g-e, the " earlh," and logos, " reason," or " discourse," and 
therefore signifies the doctrine or science of the earth. It 
is the physical history of the globe, and has for its object, 
(he investigation of the cauaea which have produced the 
phenomena exhibited both by the external and interior 
portiona of the planet on which we live. 

'i. More extensive view of Geology. — As the student 
proceeds in the study of this science, he will find that it 
includes within its inquiries nearl}^ every natural subjeot 
which the mind of man has ever investigated. In close 
connection with it, and indeed forming portions of its legit- 
imate inquiries, are the sciences of Mineralogy, Botany, ' 
Conchology, and Zoology, 

3. Zoology being the science of animals generally, in- 
cludes the diSerent depnrtments of Ichthyology, or the 
study of fishes; Ornithology, that of birds; Entomology, 
that of insects; Malacology, that of soft animals, as the 
clam and oyster, and Mammalogy, that of milk-giving 

le above named sciences. Geology has 
new Bcience called Palfcontology, or the 
ly of the fossil, organic remains of animals. 
Now, lest the student should be discouraged at the 
with the idea that an intimate knowledge of all 
lese Bcienoes is necessary in order to proceed with lhs# 
of GJeology, we deem it proper to stale here that so much 
of each of these subjects as is required for his present 
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lUMl nesrly connBclBd with 
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10 MINERAI^. 

purpose will be so explained as to be readily understood. 
It must not, however, be concealed that the student who 
begins the study of Geology with a good knowledge of 
Botany, Mineralogy, Conchology, and indeed of natural 
history generally, has a great advantage over him who 
knows Httle or nothing of these subjects. 

6. The objects embraced by Palaeontology, as the pet- 
rified or fossil remains of fish, animals, and shells, have 
been appropriately and eloquently called the Medals of 
Creation; for, says Mr. Mantell,"asan accomphshed nu- 
mismatist, (or reader of coins,) even when the inscription 
of an ancient and unknown coin is illegible, can, from the 
half obhterated characters, and from the style of art, de- 
termine with precision the people by whom, and the pe- 
riod when it was struck ; in Hke manner the geologist can 
decipher these natural memorials, interpret the hieroglyph- 
ics with which they are inscribed, and from apparently the 
most insignificant relics trace the history of beings of 
whom no other records are extant, and restore anew those 
forms of organization which lived and died, and whose 
races were swept from the face of the earth, ere man and 
the creatures which are his contemporaries became its 
denizens." M. C. p. 23. 

ARRANGEMENT OF STRATA AND THEIR CONTENTS. 

7. The solid materials composing the earth, so far as 
man has observed, consist of Minerals and Fossils. 

The depth, or perpendicular distance to which geolo- 
gists have been able to extend their observations is 
estimated at about fifteen miles. This distance includes 
the highest mountains, and the deepest valleys. 

MINERALS. 

8. Minerals are inorganic substances formed by nat- 
ural causes, some by heat, and some by water. They 
form the great body of which the earth is composed, as 
granite, gneiss, trap, limestone^ and sandstone. The great 
ranges of mountains in every part of the globe, are chiefly 
Composed of these materials. It will be shown hereafter 
which class owes their origin to fire, and which to water. 

What sciences are considered important in the study of Geology? What 
are the objects embraced by Palaeontology? Why are fossils called the 
Medals of Creation ? What are the solid materials of the earth ? Whit 
are minerals ? How have minerals been formed ? 



9. Fossils are remaitia of animab acd vegetables, which, 
at imknown periods of time have been eatorobed in the 
BVfata of lta.e eiirth by natural causes. Mosi of these re- 
n[iains though they ma.y still maintain their original shapes, 
are found to have lost all their animal or vegetable matter, 
being petrified, or turned into stone, as the common esprea- 
Bion is. This idea ia, however, far from conveying the 
truth, for although the fossil may, and does often retain 
the exact form of the animal or vegetable body from which 
it was moulded, still there has been no trans fonnation from 
oae to the other, but only a deposition of the stony parti- 
cles, as those of the organic matter decayed, and evapo- 
rated, or were washed awa,y, Thum the stone imitates the 
organic relic. 

10. In many instances such have beeti the immense 
depositions of animal remains, particularly of sheila, and 
the silicious cases oi animalcules called infusoria, that 
entire strata, of great thickness and extent, appear to have 
been formed of these materials, to the exclusion of all others. 

1 1. As examples of the great extent lo which the solid 
materials of the earth are owing to animal origin, we tran- 
scribe the following from Mr. ManteU's Medals of Creation. 

12. These formations include hundreds of miles in ex- 
tent, and are, some of them, several hundred feet in thick- 
ness; and when we consider the comparatively small 
portions of the earth which have been examined for such 
purposes, and tlial none of them are on this side of the 
Atlantic, we may, perhaps, form some idea of the great 
extent to which the sohd portions of the globe are owing 
to organic materials, 

13. Rocks composed chiefly of animal remains. 
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VEGETABLE REMAINS. 



14. The solid parts of the earth which have been derived 
from vegetables, though probably not so great as those 
above described, are still of vast extent in different parts 
of the world. These formations, known at the present 

What i« said of the existence of coal, where climate renders it necessaiy 
for the comfort of man ? 
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day under the name of coalfields^ exist, probably, in most 
parts of the world where the climate renders large quan- 
tities of fuel necessary for the comfort of man ; a signal 
interposition of the Creator for his benefit, and clearly 
proving that it emanated from design, since coal has 
rarely, if ever, been discovered in any quantities in hot 
climates. 

VEGETABLE ORIGIN OF COAL. 

15. Among the early geologists, the origin of coal was 
for a long time a matter of dispute ; but at the present 
day it is universally admitted that all its varieties are of 
vegetable origin. 

16. Proofs of the origin of Coal. — The experiments of 
Prof Gdppert, of Breslau, on the transformation of vege- 
tables into coal, and which were afterwards followed in 
England, appear to have left no doubt on this subject in 
the mind of any philosopher ; though perhaps they only 
served to confirm opinions formed on less certain grounds. 

17. This philosopher endeavored to imitate the agency 
of nature in producing the results in question, and he did 
so with perfect success. Having observed that the leaf, 
(that of the fern) in iron-stone nodules, might occasion- 
ally be separated, in the form of a carbonaceous film, he 
placed such leaves in clay, dried them in the shade, and 
then exposing the clay to a red heat, he thus obtained 
striking resemblances to the fossil plants. According to 
the degree of heat, the plant was found to have become 
either brown, shining black, or to be entirely lost, the im- 
pression only remaining ; but, in the latter case, the sur- 
rounding clay was stained black, thus indicating that the 
color of the coal-shales is derived from the carbon of the 
plants which they include, or once included. 

PROCESS OF NATURE IN THE FORMATION OF COAL. 

18. It might he supposed from the results of the above 
experiments^ that the action of volcanic heat on vegetables 
was required to produce coal ; this supposition is, however, 
by no means entertained: the application of artificial heat 
being the only means by which the long processes of 

What has been the origin of mineral coal? What were G6ppert*8 ex- 
^riments to show the vegetable origin of coal ? 

2 



14 PROCESS OF NATORB 

nature, consisting of fermentation and pressure^ could be 
imitated. 

19. Changes produced on hay and other vegetables. — -If 
hay be stacked in a moist condition, and closely packed, 
it is well known that fermentation will be the result, 
especially, during the hot season, and that the heat pro- 
duced is sometimes so great as to produce spontaneous 
combustion, by which the mass is consumed. But if care 
be taken to confine the mass from contact of the air, and 
thus prevent ignition, the hay will be found to have ac- 
quired a dark brown color, a glazed or oily appearance, 
and a bituminous smell, resembling that of coal. The 
same result will be produced if flax, hemp, ferns, the 
twigs of trees or other small vegetables, capable of being 
pressed into a close mass, be treated in the same manner. 

20. Now this is considered an illustration, on a small 
scale, of what was once performed by natural means, to 
such a vast extent as to produce large coal fields, by 
throwing into masses whole forests, instead of a few 
pounds of hay, and then subjecting such accumulations 
to the pressure, perhaps, of hundreds of feet of incumbent 
earth. 

21. Structure of bituminous coal — Although the vege- 
table origin of all coal will not admit of question, yet, 
says Mr. Mantell, evidence of the original structure is not 
always attainable. The most perfect bituminous coal 
has undergone (apparently) a complete liquefaction, and 
if any portions of organization remain, they appear as if 
imbedded in a pure bituminous mass. The slaty coal 
generally preserves traces of cellular or vascular tissue, 
and the spiral vessels, {Lign. 2, 68.) and the dotted cells, 
indicating the coniferous structure, may readily be detected 
by the aid of the microscope, in chips or slices. In many 
examples, the cells are filled with an amber-colored resin- 
ous substance ; in others, the organization is so well pre- 
served, that on the surface exposed by cracking from 
heat, the vascular tissue, spiral vessels and cells, studded 
with glands, may be detected. Even in the white ashes 
left after the combustion of coal, traces of the spiral ves- 
sels are discernible by a high magnifying power. Some 

What is said of the fermentation of hay, and its appearance when the 
air is excluded ? How does this illustrate the origin of coal ? What is 
said of the structure of slaty, bituminous coal ? 
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beds of coal appear to be composed wholly of minute 
leaves, or partially decomposed foliage ; for if a mass re- 
cently taken from the mine be split asunder, the exposed 
surfaces are fo\md covered with delicate pellicles of car- 
bonized leaves and fibres matted together ; and flake after 
flake may be peeled off' t}irough a thickness of many 
inches, and the same structure be apparent. 

22. The above experiments and circumstances being 
deemed suflicient to show that coal is of vegetable origin, 
and this being our main object at this place, we shalJ 
now turn owe attention to other subjects, to resume that 
of coal more particularly in its proper place. 



PART I. 



CHAPTER II. 

FOSSIL REMAINS OF ANIMALS AND PLANTS. 

23. Having made the foregoing explanations and re- 
marks, we are prepared to take a more extended view of the 
subject of organic remains, taking the Medals of Creation 
and Dr. Buckland's Bridgewater Treatise as our guides. 

24. The study of organic remains, says Dr. Buckland, 
forms the peculiar feature and basis of modem geology, 
and is the main cause of the progress of this science 
since the commencement of the present century. We 
find certain families of organic remains pervading strata 
of every age, under nearly the same generic forms which 
they present among existing organizations. Such are 
the Nautilus, Echinus, Terebratula, and various forms of 
corals ; and among plants, the Ferns, Lycopodians, and 
Palms. 

25. Some families peculiar to given formations. — Other 
families, both of plants and animals, are limited to par- 
ticular formations, there being certain points where entire 
groups ceased to exist, and were replaced by others of a 
different character. The changes of genera and species 
are still more frequent, and hence it has been well ob- 
served, that to attempt an investigation of the structure 
and revolutions of the earth without applying minute 
attention to the evidences afforded by organic remains, 
would be no less absurd than to undertake to write the 
history of any ancient people without reference to docu- 
ments afforded by their medals and inscriptions, their 
monuments, and the ruins of their cities and temples. 

26. Zoology and Botany required. — The study of Zool- 

What is said of the importance of the study of organic remains ? 
What is said of Zoology and Botany as preparatory to the study of 
Geology ? 
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i Boiany lias therefore become as indispensable lo 
B proyreas of Geology aa a knowledge of Mineralogy, 
Indeed, the mineral character of the inorganic matter of 
which the earth's strata are composed, preaenls ho similar 
a succession of beds of sDndstone, clay, and limeacone, 
repeated irregularly, not only in different, but in the same 
foriDatioDe, that similarity of mineral composition is but 
an uncertain proof of contemporaneoua origin, while the 
suieat test of identity of time is afforded by the corres- 
pondence of the organic remains ; in fact, without these, 
the proofs of the lape of long perioda aa Geology shows 
lo have been occupied in the formation of the atrala of 
the earth, would have been comparatively indecisive, 

i7. Secrets of nature revealed by organic remains. — The 
aecrelG of nature that are revealed to us by the history of 
fossil orgaoic remains, form, perhaps, the most striking 
results at which we arrive from the study of Gieology. 
It appears almost incredible to those who have not mi- 
nutely ejcamined natural phenomena, that the microscopic 
exaruination of a mass of rude and hfeless limestone 
should often disclose the curious fact, that large propor- 
tions of its substance have once formed parts of living 
bodies. 

28. Large portions of the earth's surfaee derived from 
animals. — The study of these remains has abo fully 
demonstrated that no small part of the present surface of 
the earth has been derived from the remains of ajiimals 
that constituted the population of the ancient seas. Many 
extensive plains, and massive mountains form, as it were, 
the great charnel-houses of preceding generations, in 
which the petrified exuvise of extinct races of animals 
and vegetables are piled into stupendous monuments of 
the operationa of hfe and death, during unknown periods 
of past time, 

'i9. The deeper vie descend, the more ancient the remains. — 
The deeper we descend into the strata of the eailh, the 
higher do we ascend into the ancient history of the past 
ages of creation. We here find successive stages marked 
by the varying forms of animal and vegetable life, and 
these generally differ more and more widely from existing 
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species as we go further downwards into the receptacles 
of the wreck of more ancient creations. 

30. Similar remains exist in similar strata- — When we 
discover a constant and regular assemblage of organic 
remains, commencing with one series of strata, and end- 
ing in another, which contains a different assemblage, we 
have herein the surest grounds whereon to estabhsh those 
divisions which are called geolo^cal formations^ and we 
find many such divisions succeedmg each other when we 
investigate the mineral deposites on the surface of the 
earth. As examples, if we find strata containing the re- 
mains of trilobites, whether they occiur in the northern or 
southern quarters of the globe, we may conclude that the 
formations where they exist are of the same age, and 
have been formed under similar circumstances and of the 
same materials ; and so, also, of the nautili, echini, or 
other organic exuviae. 

31. Most of these remains are extinct. — The study of 
these remains presents to the zoologist a large amoimt of 
species and genera which are extinct ; that is, not known 
to exist any where in the living state at the present day, 
but which, at the same time, bear important relations to 
existing forms of animals and vegetables, and often sup- 
plying links, which had hitherto been unknown, in the 
great chain whereby all animated beings are held to- 
gether, in a series of gradual connections. 

32. Bearing on natural theology. — The discovery, amid 
the relics of past creations, of the links that seemed 
wanting in the present sjrstem of organic nature, affords 
to natural theology an important argimient, in proving 
the unity and universal agency of a common great first 
cause; since every individual in such a uniform and 
closely connected series, is thus shown to be an integral 
part of one grand, original design. It is true, that the 
non-discovery of such links would form but a negative 
and feeble argument against the common origin of organic 
beings, because, for aught we know, the existence of in- 
tervals may, in themselves, have formed a part of the 
original design ; but the existence of such links shows a 

Are similar remains found in similar strata, or not? If a trilobite is 
found in America, and another in Asia, what do they indicate with respect 
to the age of the strata? Are these remains of extinct or living genera? 
How does this subject relate to natural theology ? 
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unity of design, which very clearly proves the unity of 
intelligence in which it originated. 

33. The lowest orders chiefly prevail in the lowest strata. — 
It is indeed true, that animals and vegetables of the low- 
est orders, prevailed chiefly at the apparent commence- 
ment of organic life. Thus we find in the deepest strata, 
chiefly, the remains of animals of the most simple con- 
struction, as the sponges, star-fishes, and corals. And 
of vegetables, those are rarely found, other than such as 
belong to the class Ciyptogamia, as the ferns, mosses, 
and fuci, or sea-weeds. Li a few instances, however, the 
bones of fishes, of reptiles, and more rarely of birds and 
whales have been discovered among the early formations, 
proving the existence of these tribes at very remote 
periods. 

34. More recent strata inclose more perfect animals. — 
As we ascend towards the surface, and examine more re- 
cent formations, we find that remains of the more perfect 
animals gradually become more abundant, until we ar- 
rive at the perfect structures of the saurians, or lizards, 
the elephants, mastodons, and other Mammalia, some of 
which belong to existing genera, and all to existing orders. 

35. Shells the most common remains. — The most prolific 
source of organic remains is the accumulation of the 
shelly coverings of animals which occupied the bottom 
of the sea, apparently during a long series of succeeding 
generations. A large proportion of the entire substance 
of many strata is composed of myriads of these shells 
reduced to small fragments by the long continued move- 
ment of the water. In other strata, the presence of count- 
less multitudes of unbroken corallines, and of fragile 
shells, having their most delicate spines still attached and 
unbroken, shows that the animals which formed and in- 
habited them, lived and died undisturbed where these re- 
mains are found. 

36. Such strata prove the lapse of time. — Strata thus 
formed of the exuviae of innumerable generations of or- 
ganic beings, afford strong proof of the lapse of long pe- 
riods of time, wherein the animals from which they have 
been derived, lived and multiplied and died, at the bottom 

Where do the lowest orders of animal and vegetable fossils chiefly pre- 
Tul 7 What remains are found in the more recent formations ? What is 
stid of strata formed entirely of shells ? 
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of the seas, which to all appearance once occupied the 
places of our present continents and islands. Repeated 
changes of species, both of animals and vegetables, as 
their remains show, in the succeeding members of the 
different formations, give further evidence, not only of the 
lapse of time, but also of important changes in the phy- 
sical condition, and climate of the ancient world. 

37. Microscopic Shells. — Besides the accumulations of 
the larger shells of which we have seen, entire strata are 
composed, minute examination discloses, especially in 
chalk and coral fonnations, immense accumulations of 
shells, so small as not to be distinguished by the naked 
eye, the microscope only revealing to the astonished nat- 
uralist, immense masses composed entirely of shells, which 
he had mistaken for particles of sand or earth. Some 
idea of the number and minuteness of these remains may 
be obtained from the fact that less than an ounce and a 
half of limestone afforded an observer 10,454 microscopic 
chambered shells. The rest of the stone was made up 
of fragments of larger shells, and of the minute spines of 
echini, or sea eggs. Masses thus formed, do not consist 
of a single species, but often contain a variety of species 
and genera, there being several species known to natural- 
ists, and having their distinctive names, which are so 
minute, as to weigh, each, only the 500th part of a grain. 
Indeed, many of them will pass through holes in a sheet 
of paper, which have been made by a cambric needle of 
the smallest size. Bd. p. 92. 

38. Marine and fresh water remains. — Li many in- 
stances it has been found that lacustrine, fiuviatile, and ma- 
rine remains, or the exuviae of lakes, rivers, and the sea, 
have been by some means mingled together in the same 
strata, and to these have been added the bones of large 
marine animals, and those of the land. Such phenome- 
na are accounted for by supposing that these accumula- 
tions were formed at estuaries, or the mouths of rivers 
entering the sea, and that the shells were left by the 
alternate overflow of the salt and fresh water, the marine 
animals entering from the sea, and those of the land being 
brought down and deposited by the current of the river. 

How do such strata prove the lapse of time ? What is said of strata 
formed of microscopic shells ? What is said of the minuteness of some 
species of shells ? In what manner is it supposed that remains from the ses, 
nvers, and land, were mixed ? 
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39, In ibe above history of organic remains, there is 
nothing to prevent the belief that the animals, whether of 
the sea or land, became extinct, by the ordinary means ; as 
the decay of nature, or diaease, by which slow and gmd- 
iie.1 accumulations were formed, during extended perioda 
of time. It remains lo atnte, that other causes seem to 
have operated in a few inslances, and at distant intervals, 
to pmluce a rapid accumulation in certain strata, appa- 
rently ftccompanied by the sudden destruction, not only of 
the tealacea, or shell animals, but also of those of the 
higher orders. 

40. Destmction of fish at the preseiti day. — We have 
apparently analogous instances of sudden destruction, 
operating locally, at the present time., in caaea of fish that 
peiish from an esceaaive admixture of mud with the water, 
diuing extraordinary tempests blowing on the shore, 
and also by the continuance of uncommon degrees of cold, 
by which the fish in shallow arms of the sea become 
torpid, and are floated on shore by high tides, and there 
left to perish. The excessive heat and noxious gases 
emanating from valcanic eruptions, have also caused the 
destructionof vast numbers of marine animals of all classes 
and descriptions. Another cause of destruction to these 
animals is the sudden irruption of sail water into ponds 
orestuaries, previously occupied by fresh water, or the 
bursting of a lake into an arm of the sea, in either of 
which cases it is obvious that the inhabitants of each must 
be destroyed. 

41. Fossil fish not destroyed by mecXanieat vioUnee. — 
In most inslances fossil fish present no appearance of hav- 
ing perished by the pressure of the incumbent strata, or 
other mechanical violence ; but rather to have been de- 
atroywl by cold, or noxious vapors, or perhaps by heat, or 
some change in the element in which they live, which 

i the rapid extinction of life. 
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4 2. Phenomena of the fishes of Monte Bolca. — The great- 
est accumulation of fossil fish known, is at Monte Bolca, 
in Italy, and their remains seem to indicate that they per- 
ished suddenly, on arriving at a part of the then existing 
sea, which was rendered noxious by volcanic agency, and 
of which the adjoining basaltic rocks afford proof that 
such agency existed there at some remote period. The 
skeletons of these fish lie parallel to the laminae of the 
calcareous slate in which they are found ; they are always 
entire, and so closely packed together, that some of the 
blocks are composed mostly of their bones. The thou- 
sands of specimens existing in cabinets in every part of 
Europe and America, have all come from the same quarry. 
All these specimens were formed by fish, which to appear- 
ance, died suddenly at this fatal spot, and were there 
speedily buried in the calcareous sediment then in the 
course of deposition. That they were buried speedily, 
and before any considerable decomposition had taken place, 
is proved by the fact that some of them still retain the 
color of their scales and skin. Bd. p. 100. 

43. Accumulation of fossils^ owing to the action of water. — 
From the account above given of organic remains, and 
especially the condition in which they are found, being 
entombed in stratified formations, we must conclude, that 
not only those originally belonging to the waters, but also 
those of terrestrial animals, have been accumulated and 
buried by the action of water. Indeed, we know of no 
other means by which strata, that is layers of earth one 
upon the other, can be produced ; and with respect to shells 
and other marine exuviae, it is quite obvious that this was 
the means of accumulation. With respect to the bones 
of land animals, where the entire skeleton is preserved, 
which is in a few instances the case, this is good evidence 
of the action of water also ; since had the animal perished 
on the surface of the earth, and there remained for any 
length of time, the bones would have been detached by 
decomposition of the flesh, or the appetites of feline ani- 
mals, and thus individual parts only, would have been 
found at the same place. Besides, the bones themselves 
soon loose their animal matter, and decay when exposed 
to the action of the atmosphere. It is therefore most 

By what causes is it supposed that fossil fishes were destroyed ? What 
reason is there to believe tnat the fossil fish described, peritthed suHdAnlv ? 
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reasonable to suppose, that the entire animal was covered 
in the place where its bones are found, and that this hap- 
pened soon after death. Perhaps many of the land ani- 
mals perished bj drowning, in consequence of the over- 
flow of rivers, while those belonging to the water were 
cast on shore, by storms, and buried by the same means. 



CHAPTER IV. 



CONDITIONS IN WHICH ANIMAL B.EUAINB ARE FOUND. 

44. It is true, as above stated, that in a few instances, 
the entire skeletons of the larger animals have been dis- 
covered. But it is the countries of the arctic regions only, 
which maybe expected to afford such phenomena at the 
present time. Here, in several instances, the entire car- 
cases of colossal mammalia, allied to the elephant, or to 
extinct species of the rhinoceros, have been found, mostly 
imbedded in ice. 

45. Sometimes drifted by icebergs. — It would appear that 
at some remote period, the carcasses of many large animals 
belonging to the mammalia, were drifted from the cold 
regions, probably by icebergs, into temperate climates, 
where the ice melted, and the bodies either sunk to the 
bottom of the sea, or were drifted into estuaries, or stranded 
on the shore; the flesh then decomposed, and the 
skeletons became imbedded in the sand or earth by the 
action of the water. In this manner alone can be ex- 
plained the occurrence of bones and teeth of the rhinoce- 
ros, mammoth, hippopotamus, and other large animals, so 
common in England, Germany, and other countries. These 
remains, though buried in sand containing pebbles and 
houlders, water-worn, and evidently transported, are them- 
selves free from attrition, their prominent angles remain- 
Why is it believed that fossil accumulations were made by the action of 

water ? Why is it siipposed that the bones of animals were collected and 
b'uied by the action of water ? In what regions are the entire carcasses of 
*i^unal8 found? What is said of icebergs as a means of transporting ani- 
o*l remains ? 
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in|E^ as perfect as when first exposed. Now this could not 
have been the case, had they lost their coverings, and in 
this state, been exposed to the united action of the water, 
■and, and stones, for any considerable time. They would 
have shown the eifects of such action by being worn and 
rounded, as bones found on the sea-shore do at this day. 
Hays Mr. Mantell, ^^I have found fossil bones of the horse, 
deor, ox, and whale, lying in the midst of quartz and gran- 
it o jM^bbles and boulders, the bones, though crumbling to 
pifH'-rs if not can»fully removed, being quite perfect^ and the 
whole muss hold together by calcareous spar deposited 
by wator that hnd during the lapse of ages, percolated 
thnni^li the chalk above." 

4t). Ihnrs ttenvtratcd by carbonate of lime. — ^In most in- 
utanrrs, fossil Imnes, and especially the large ones of the 
miuumulia, are more or less penetrated with carbonate of 
limo. The extnnnities of the long bones being porous, 
a ft or losing thoir nnimal matter, nearly always have these 
pirlituis lilltMl with shining crystals of that mineral. 
Hnniotinios dotachoii pieces of bone are held together in 
tliis unuinor, the intervening portions having entirely dis- 
iippoanul. 
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IIINTH rOR COLLECTING FOSSIL BONES. 

47. TiiK light, friablo, ^xirous bones, require great care 
in tlnMr rtMnoval fnun the dejxJsites in which they are im- 
IhmI(I(m(, w blather it Ih^ day, consolidated shingle, or lime- 
si ono ; if of cousidentble size, the v will almost invariably 
broak to pitK'os, and many examples will not admit of re- 
pair. U is lhen>fore alwa^"8 desinxble, before attempting 
to extract a largt^ bono, to make a sketch of it ; its form 
will tluis Ih> known, should it be destroyed; and if it 



Haw tU> ftwiil lionoa »how that thry have not been exposed to the action 
or ttir iira« \iuo«)ver\Hl f What mineral is usually found in the pores of fossii 
buntvi f What ia adviiKHi lH>ioi« attempting to extract a large bone from its 
Aw// 
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crack into fragments, that will admit of reunion, the 
drawing will be a guide for the replacing of the separated 
parts. K only a few pieces remain, those which show 
any part of the terminations or joints, should be preserved 
with particular care, as they show the most precise and 
important characters, and in the hands of an expert fossil 
osteologist, will often go far towards determining the or- 
der to which the animal belonged. The faithful record 
of an imperfect or unknown fossil may not be without its 
value, for as the antiquary carefully preserves the shreds 
of ancient manuscripts, in the hope that other documents 
may come to light, by which he may be enabled to inter- 
pret these, now unintelligible relics ; so the geologist 
should treasure up every fragment of an undetermined 
organic remain, for the time may arrive when other spe- 
cimens will explain its nature, and prove it to possess 
great interest. 

48. Repairing broken bones with glue. — The broken po- 
rong bones may easily be repaired by thin, hot glue ; and 
when the joinings are set, the whole bone should be satu- 
rated with thin glue, well brushed in, and the surface, be- 
fore the glue congeals, be sponged clean with hot water. 
When dry, the specimens will be found to possess con- 
siderable firmness and durabiUty. By this process, the 
tusks of mammoths and elephants may be restored, how- 
ever much crushed ; time, patience, and a little dexterity, 
are only required in many instances, to convert a heap of 
mere fragments into a valuable relict of the ancient 
world. 

49. Use of drying oil in repairing bones. — When the 
bones are tolerably perfect, but very dry and friable from 
the loss of their animal oil, they may be made durable by 
saturating them with linseed, or other drying oil, and then 
exposing them to a considerable degree of heat. In this 
manner, the magnificent skeletons of the sloth tribe, the 
Megatherium, and the Mylodon, in the Himterian mu- 
seum, were prepared. 

50. Plaster of Paris another means. — When a bone ap- 
pears as if cracked into nimierous pieces before its removal 
from the earth, but still preserves its form, the only 



What part of a bone ought particularly to be preserved ? Why ? What 
it said about preserving fragments of unknown broken bones? How may 
bones be repaired ? What use is made of drjring oils in pTesenin^XxsosAl 
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method bv wliir-h it inav be successfully extracted, is by 
piittiijjr ov'-ri^ Ji Tliif-k cuv^-riML'' of plar-Tf-rof Paris, which 
fshoil'i \t*- '!-'-'i of tli*' '-■o:!:.:-'! i:' f- 111" ( r, •li.-i : and when it 
ger.-!. {v.iii' 1. :f /. t.i- r»" ♦'::*!" ym'Sfr*-.:. ^v:]l lie in a few 
liiiiii**-:.) j!i«- .';H-';:ji»-.i iii:v }»»- L-ir*-:' :liv »xtncaTed from 
tli«r htriiii.'ii. Jtful ti;*' jilj;s:f.'r be removed. or no:, according 
to t)i«: naiure of tIk- fossil, and the pans rt?qiiinnff to be 
di»i>laye«l. In many rases, however, the bones are found 
to hf: no firnilv imlfeild«Ml. and so hrltrle. :h;ti these means 
do not KJJce*-d. an'l wh*'n of mod»-ntte size, therefore.il 
Ik hftiiX not to att^'mpt tlifir removal fromilie stone, but to 
trini the Idork into a ronvenifnt sViajx* and size, carefully 
cuttinjr awav witli a chisel, the s'irr««und:nir stone, so as 
to «'X|xi.-e th'* mo.-t essr-ntiitl part of tl.^ fossil. In all 
ca>.<'.i v/h<'r«- this cnii he (ionf\ it is a iroc».i method, for 
Hn*:\i H]jec:iMi<rns have a double interest. sii:ce they at once 
ilhihirjite the organic relic, and the funnaiion in which it 
in foofjd. 

.01. J toman ('nntjit another means. — When a bon^is 
too iinjj<rrf<'et to Ih; uniterl as a wholf'. it may be imbedded 
in J toman e'-mrMit. 'J'his is of easy application, and the 
fihhij reH ji./jd r rarks ma}' be filled up with it. taking care 
fjf.^i Ujcovi-r i\i*' jiMrts with thin hot crlue. or otherwise the 
e^'Oiefit. it.i it dri^'.i will j-hrink. and fall out. A thin coat- 
ing/ o( iti-.tai'it: varfjiHh over the whole, will tend to restore 
the eolor. and by exchidinj^ the air. to presence the 

r»A iWi^.trtaiion of fossil trrth. — The teeth, with the 
4:Xfj:\)*.ioii of ibe enamel, have <renerallv undergone the 
name (.tuiHirt.n hk t|j<? bones, with which they are asso- 
r;iaied. 'J'liey are often so brill le as to fall in pieces in 
the v«'rJieal dinreiion by the least force. When this hap- 
\H'iiti. the \t\i'itti nuiHt be joined with glue and held in 
pliirir by a htrinjr. the siijifrrfiuous glue being removed with 
(I hiH/tii/tr and hot water. If lln^re be any ])ortion of the 
jav/ bo/ie attneherj !o the tooth, this ought to be carefully 
liff.tit r/i'l, iihfi the earlli examined for other portions, and 
HHiH'j mWy tbe aitieulations. or joints. 

'J 'he '.•.trident, i:\i:ti from thi.s brief review will perceive 
hov/ immy valuiible facts may be unnoticed or irretrieva- 



ti'iV, IK i.lMti'f f«ri'ftfii( um-d Uf amiift in the extrication of bones? ^Miat 
j» knj'j </f Uomhu ci'infrit in r*-immun foMil [town ? Do the teeth of animals 
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Uj lost, unless attention be given to the various circum- 
stances under which fossil remains are presented to his 
notice. M. C. p. 56. 
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CONDITIONS IN WHICH FOSSIL VEGETABLES A&E FOUND. 

53. The remains of the vegetable kingdom are pre- 
sented to the notice of the geologist in various conditions ; 
in some instances but little changed in their aspect, as in ' 
the recent acciunulations of mud and silt, at the bottoms of 
lakes and rivers, and in morasses, and peat bogs ; and 
also in tufaceous incrustations, in which decayed wood, 
and the leaves of plants, or their imprints, are preserved 
by being incrusted with calcareous particles. These with 
the small twigs of trees, well preserved, together with 
such other matters as are swept together by running 
streams, are found in semi-solid masses on the borders of 
brooks coming from limestone districts, and owe their pre- 
servation and peculiar appearance, to the deposition of 
calcareous matter with which such waters are charged. 
Such are called tufaceous formations, and are common in 
limestone districts at the present day. In some instances 
the wood is perfectly sound and the leaves still retain their 
color, having received theij" envelope of lime within a few 
months or perhaps weeks. These, of course, are recent 
fossils, and therefore are seldom the objects of legitimate 
geological inquiry, not being minerahzed 

54. Ancient vegetable remains. — Vegetables found in 
ancient deposits, have been preserved by various means, as 
by the permeation of calcareous particles, or of siliceous, 
or pyritous ; in other terms, by lime, flint, or sulphuret of 
iron. These are called petrifactions^ and are known 
severally under the names of calcareous, siliceous andferru^ 
ginous petrifactions, though the latter is improperly so 
called, being penetrated with iron instead of stone. 

55. Petrifactions often appear like the original wood. — It 

What are tufaceous incrustations ? Are these mineralized or nxA ? What 
are the kinds of petrifactions mentioned ? Is the \aUeT ti ikeXxvt«ie^(A0^'^ 
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is not uncommon to obsen-e specimens of fossil wood, 
taken from ancient formations, so nearly resembling the 
wood itself, both externally and internally, that the casual 
observer mistakes it for what it once really was, and is 
only undeceived, when he finds in his hand a solid stone, 
instead of a specimen of antediluvian wood. 

56. In silicified wood, it is not uncommon to find the 
most minute and delicate structure of the original per- 
fectly obvious, and when placed imder the microscope, 
even the vessels which once conveyed the sap are dis- 
tinctly seen. Calcareous wood also retains its structure, but 
being commonly less translucent, than the siliceous, the finer 
tissues are not so readily observed. In many limestone for- 
mations, the leaves anil seed-vessels of various plants are 
particularly well prescr\ ed. The ligneous coverings of nuts, 
and the strobiles, or cones of the pines and firs, are often in a 
perfect state of preservation, and in some rare instances, 
even indications of flowers have been detected. The 
sporuleS) or seeds, on the leaves of the fem tribe are often 
seen in specimens of coal-shale from Tilgate forest, in 
£ngland, and also the resinous secretions of the pines and 
firs. 

57. Lig^nite and Cinil. — But vegetables occur not only 
as jH^trifitni stems, leaves, and fruits, associated with other 
remains in strata, but also in beds of great thickness and 
extent, consisting ahuost entirely of plants and their 
leaves tninsmuted by that pecuUar process which vegetable 
matter uudergot*s when excludeil from atmospheric influ- 
ence, and under great pressure* into carbonaceous masses 
known under the names of liicnite and coal And there 
ur** mtermeiUato stagt^s of this process, in which the form 
and structure of the tn.vs and smaller plants are quite 
ap(K\nuit, as iu the ^vat-bogs and submerged forests of 
uuHlem e|.KK*hs, in which the fruits, leaves and trunks of 
known, and indigenous species are foimd From these, a 
gradual transition may be traced to those accumulations 
of the extinct s^vcies of the ancient Flora, which, at the 
pn^sent day, is one of the great objects of geological 
resean.*h. 



WhAt it» 9a iU v>i" the *truciun»ot" silicified wood * \Vh;it parts of plants are 
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CHAPTER VII. 

MICROSCOPICAL EXAMINATION OF rOBSIL PLANT8. 

58. The microscope is the instrument by which the 
structure of nearly all natural objects has been made 
known. The vessels, by which the vital circulation is 
carried on, are in most parts of animals, too minute to be 
distinguished by the naked eye, and in plants none of the 
beautiful mechanism by which they are nourished, and 
perpetuated can be observed and understood, without the 
use of this instrument. In fossil wood, as we have already 
seen (55) the structure is often as perfect as in the origi- 
nal tree, but some preparation of the specimen is required 
to make it apparent, even when magnified. 

59. Preparation of fossil wood for examination, — ^Mr. 
Nicol, of England, we believe, was the inventor of the 
method, now generally adopted for this purpose. His 
description is as follows. Let a thin shce be cut (orchip- 
ped^ off from the fossil wood in a direction perpendicular 
to tne length of its fibres. The shce thus obtained must 
be ground perfectly flat and polished The polished sur- 
face is then to be cemented to a piece of plate-glass, three 
inches long and one wide, by Canada balsam. A thin layer 
of balsam must be apphed to the polished surface of the 
slice, and also to one side of the glass. The slice and 
glass are now to be laid on a thin plate of metal, and 
gradually heated to concentrate the balsam. The heat 
must not be so great as to throw the balsam into a state 
of ebulhtion, for if air bubbles be formed, it is difficult to 
remove them, and they will prevent the adhesion of the 
two surfaces. The heat of the metal should not be so 
great as to bum the fingers. When the balsam on each, 
is concentrated, the slice and glass are to be applied to 
each other, with a slight pressure to expel the superfluous 
balsam. When the whole has cooled, the balsam around 
the slice must be scraped off with a penknife, and by this 
it will be seen whether the balsam has undergone the 
requisite concentration ; for, if it flakes off before the knife, 
it will be found that the slice, and glass will cohere so 
firmly, that in the grinding, there will be no risk of sepa- 

Describe the piepanxioa of fotul wood for the micioaco^. 

3» 
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tion ; but. if the balsam has not been well concentrated, it 
will slide before the knife, and in that case, the two bodies 
will not adhere with the requisite firmness. If the layer of 
balsam be not too thick, its concentration will be accom- 
phshed in four or live minutes, if the heat be properly 
regulated. The shce must now be ground down to that 
degree of thinness, which will permit its structure to be 
seen under the microscope. This may be accomplished 
by rubbing it, by a rapid circular motion with the hand, 
on a piece of sheet-lead supplied with a httle fine emery 
moistened with water. When the emer)' ceases to act, the 
muddy matter remaining should be removed, and a fresh 
portion applied. This being repeated until the shce is 
perfectly flat, a sheet of copper is then substituted for the 
lead, and the fossil ground as smooth as possible, by flower 
of emery. It is then, and lastly, to be polished with crocus 
or rotten stone, on a transverse section of any soft wood. 
Being removed and cleaned of the balsam, it is then ready 
for examination. 



CHAPTER VIII. 



FOSSIL BOTANY. 



60. In the Linnaean system of Botany, the classes are 
chiefly distinguished by the number, situation, and propor- 
tions of the stamens which the flowers contain. The 
orders are founded on the number of pistils ; on the situa- 
tion of the fniit, or on the kind of pericarp. The genera 
und siKJcics are also known by the number and situation 
of the stamens and pistils, or some other circumstance in 
which the flower is concerned. 

01. Fossil Botany founded on the ttood and leaves. — ^Now 
it ia obvious that the I^nnsean system cannot be applied to 
Fossil Botany, since the plants of the ancient Flora have 
lost all tho distinctive characters, above named, neither 
their pistils, stamens, nor any other part of their flowers 
being pn^servwl It is tme that in the class Crjrptoga- 
mia wh(»n^ tho flowers are wanting, or the fructification 

On what ttrv th«» cUMCfl of the Liunoan systrm of Botany founded ? Oo 
what lh«« onior». crnrm and aiwTios f Why will not the common system of 
Botany ap|tly to lowil TefetaUot. 
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is SO concealed as not to be a guide in their distinctive 
organs, that the characters of recent plants, may to a cer- 
tain extent, be applied to fossils of the same class. Thus 
the ferns of the ancient world, on being compared with 
those now growing, have in some instances been foimd 
analagous, though always of a different species ; nor 
indeed has it been found, in a single instance, that any 
fossil vegetable could claim arrangement with a known 
species now growing. How far an agreement could be 
traced between the ancient and present Flora, had we the 
means of comparing their organs of fructification, of course 
cannot be . known. It is, however, true that the internal 
structure of fossil wood, and the impressions left by fossil 
leaves, show that they did not materially differ in these 
respects from the wood and leaves of the present day. 

62. Division of* the vegetable kingdom founded on the wood 
and leaves. — We shall now give such an explanation of 
what is termed the natural system of Botany as will be 
required at the commencement of the study of fossil 
vegetables. 

There is a distinct and wonderful division of a large 
proportion of the vegetable kingdom into two grand, but 
unequal classes, dependent on the structure of the wood or 
stems, and the leaves of each, the seeds of each class also 
corresponding with this structure. These divisions are the 
Monocotyledonous and the Dicotyledonous. These terms 
are derived from the number of cotyledons or seed lobes ; 
which the seeds of each contain ; the first being derived 
from th^ Greek monos^ single, and cotyledon, and the other 
from dis twice, and cotyledon. Examples of the first are 
wheat, Indian com, the sugar-cane, the palms, &c. ; of the 
second, the bean, acorn, chestnut, filbert, &c. 

CLASS I. MONOCOTYLEDONOUS PLANTS. 

DISTINCTIVE CHARACTERS. 

63. Leaves with parallel veins ; stem with no distinction of 
wood, bark, and pith ; cotyledon one^ and if tvoo^ placed alter' 
nately. — Some of the most striking and obvious distinctions 

Do any of the ancient plants belong to known species ? On what are the 
two grand natural divisions of plants founded ? What are the two grand 
divisions of the vegetable kingdom ? On what are these division:* founded ? 
Give examples of each class. 
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of this class are, that the wood or sieci iDcxea^es on the 
iriHifk*. by {[reueral accretion : that the bark is so in- 
C(jr])t)rixUA with the wood that uo distinct separation can 
bf; «:iffi(:if:(l ; that the wood has no concentric la vers, show- 
iii^ the annual growth ; and that the leaves have pa- 
rallel veins. From the circumstance that plants of Uiis 
chtHH increase from within, they are called Endogexocb 
plfiritH, from two Greek words signifying internal increau^ 
and the class is called £m>og£N£. 

CLAHM II. DICOTYLEDONOUS PLANTS. 

DISTINCTIVE CHA&ACTE&S. 

Gi. Leaves reticulated; stem with tcood, pitk, bark, and 
medullary rays ; cotyledons tico or more, placed opposite to 
each other. — The most obvious characters of this class are, 
that the wood increases by concentric layers on the 
outside, Hliowing, when cut transversely, annual rings; 
that the bark and wood are distinct, being readily sepa- 
riiliMl ; that the wood has medullary raj's ; and that the 
|i!itvi«H hav(j reticulated, or net-like veins. The vegetables 
of thiH chiHH, from the circumstance that their increase is 
on the outside are called Exogenous, from the Greek, 
Mifrnifyitig external increase^ and the class itself is called 

KNllOOKNOUH, UA MONOC OTYLE DONOU8 8T&UCTUB.E. 

or*. Tiie wood and cellular tissue, in the plants of this 
eliiHH itpiMiar to be mixed together, without any dhier, there 
hirin^^ no (IJHtinct circles of growth, or radiating medulla, nor 
M tliitre liny pitli at the centre. The leaves present no artic- 
ulations to the Hteins, leaving scars when they fall off as 
111 tlio Exu^(!nfe. 'J^he leaves are often attached by a 
larf^o stirfuCH, Honifaimes clasping the stems in a partial 
cirele and nevnr cietaching themselves spontaneously, as 
in Judian eorn, wlieat, and sugar-cane. 

iMh (Miliar tissue. — The stems of both classes are in a 
connich^nihlij projwrtion comix)sed of cells, but one of the 

WItHt ur« tho ohvioiiN (liNtinctivR cliuracters of the first class. What 
tlu)Nii oj" till' Nitrond ? Why is tho first class called Endogenae ? Why are 
tho plAiitNof thi) Mocoiid clasii called Exogenous? What is the structure 
of'tho W(mk1 ill till) Kndouenas? ilow does this wood increase ? How are 
th« IcavcN HtlHchod. What aro examples of this class ? What tissue pre- 
vails in tho wood uf this class ? 
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peculiar diatinctiona between them, is the manner in which 
they are anunged. In the Endo^enGe, the ceUnlar tissue 
wptovaila, that the atems, when cut tmnaversely, appear 
to be competed of httle else than cells and membmnea in 
t coofueed mass, with strings, or longitudinal fibres inter- 
ipenei Lign 1 




Ecdogei 

67. This is shown by Lign. 1. Fig. 1, which represents 
the transveTHe section of a stem of sugar-cane. A stem of 
Indian com ia perhaps a more famiUar example and showa 
a ™ry similar appearance. 

68. The lon^tudinal structure of the same plant is rep- 
rwented by Lign. 1, Fig. 2, by which it ia obvious that 
"uch stems are made up of massea of cells with membranes 
iKlweea them. 




Kndogennu* Leaf. 



is ntpRoenteit by Ligik. 2, Fi^. i. nmiap. wiieai. uid 
wfaeie Che leaves appeal a &v lOidiea above clie gnxml 1 
aie examplesi. 

70, TIieEadageiioiisleBfiaR[Ke3RUeif bTZi$^2,J 
2. h viU be obMrved chai it luu i KnoodL nu&ce, v 
parallel veioa rmming firim. one ^oiemrCT ui [he ochei^ with 
hiile baa betv^een ih&o. This ^xampfe is iawL '^' 



71. A« we have leou the n-TTiif of tbia class means 
*twa citjLeilond/' bui in several matancea. ptaaU belong- 
ing here, a^ ia case of the pines, ha^ve fbor 3e«d lobes. 
These, hftwever, are ouly escepiiona lo a general law. 
Thia f.laaa ia most obnonalj didUD^mshed from the olha, 





Ti. This stniRture of the wood is apparent in eveij log 
Miifl limb, when sawn iransvereely and is represented bj 
i/ign. 3, Fig. I, in which all these parts are apparent. 

78. The longiliidinal structure of the wood ia repre- 
wnlnd hy /.ign. 3. Fig. 2. This atnicture difiera from that 
Rlrniulj' (Inscribed a* the cellular, in having another set of 
nrfcnns, ciillr;rl the tpiral vesBels, which are not found in 
tho £ndogfln». 
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. The Dicotyleiionous seed is repregenled in the g«- 
mioating state by Lign. A, Fig. I. The bean, acom, and 
pea are fatniliar examples. 




75. The reticulated leaf of the Exogense is represented 
by Fig. a. This example is from the apple-tree, and il 
will be seen that the veins run in every direction, instead 
of being parallel aa in the EndogensE. 

76. To the Monocotyledon ous class belong ihe palms, 
the cocoa-nut, canea, and laaBy other species chiefly grow- 
ing in hot climates. All the glasses and lilies also belong 
here. The Dicotyledonous, mclndea the oak, chestnut, 
anil walnut, with all the other forest trees of northern 



77. The cone-bearing trees, as the pines and firs, an 
extensive and important class, have, as already staled, four 
coiyleitona, and though considered by their growth as 
belonging to Exogenous vegetables, slill, in the stiuclure 
of the wood they differ &om both the other classes, and 
therefore must be described aa a distinct family. 

7S. In structure, the wood is similar to that of the Exo- 
gena, already described, consisting of cells, or tubes and 
membranes ; but in addition to these, the coniferts exhibit, 
under the microscope spots or glands as shown by Lign. 5, 
Fig. 1. A branch of larch, orpine split longitudinally and 
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highly magnified exhibits this Btnicture so cleailjr as at 
once to distinguish it from either of the other classes ; 
and in the fossil remains of this family, this glandular 
tissue ta bo apparent as selUoin to mislead the espeit- 
mentei as to the family to which his specimen belonged 
These glands are supposed to be the organs which secrete 
the resinoua fluid on which the odor of this famUy depend* 
and that exudes in the form of tuipentine. 

USH. G. 
»|. t Fig. a 




•s this peculiar glandular structure, the coniferous 
family exhibits, tn addition to the concentric and radiating 
lines of Exogenous wood, a system of reticulations, or 
fibrous crossings exhibited by Lign. 5, Fi^. 2, and by which 
this family is distinguished from allsthers. The cross lines 
a, a, indicate the annual circles of growth. The structure 
is somewhat apparent to the naked eye when a pine log 
is aawn across, but is best seen when highly magnified 
as in the cut 

79. Among fossil rpmams of wood, none are said to bs 
BO common as those of the coniferous, or pine family, and 
it is asserted, that in a few mstances, these relics of the 
ancient forests have been found to belong to genera now 
living, and that others are rpferred to the genus Amucaria, 
which comprehends some of the tallest trees now growing, 
as the Norfolk pine, which sometimes rises to the height 
of 250 feet. 

These discoveries says Dr. Buckland are highly import- 
ant as they afford examples among the earliest r 
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/id vegetable life of identity in miiiiite details of internal 
OTgaaizatioa, between ihe moat aucient trees of the prime- 
val foreats of our globe and some of the largest living 
coniferie. 

A trunk of Araucaria forlj^-seven feel long was found 
in a quany near Edinburgh iu 1830, and another three 
feet in diameter and twenty four feet long was found in 
the same quany in 1833. The longitudinal sections of 
iheee trees under the microscope exhibit, like the recent 
AraucaTta exceUa, small polygonal die cs, arranged in double, 
triple, and quadruple rowa within the longitudinal vessels. 
A specimen of the same fossil from New Holland exhibits 
the some Btructure, indicating the wide extent of this 
genus in the foreata of the ancient world. 

80. It appears that the comfeiic are common to foBsO- 
iferous strata of all periods ; they are least abundant in 
the transition series, more numerous in the secondary, and 
most frequent in the tertiary series. Hence we leam that 
there has been no lime since the commencement of terres- 
trial vegetation on the surface of the globe, in which large 
coniferous trees did not existjhut our present evidence is 
insufficient to ascertain with accuracy the proportions 
they bore to the relative numbers of other families of plants 
iu each of the successive geological epochs, which are 
thus connected with our own, by a new and beautiful 
series of Unka, derived from one of the most important 
tribes of the vegetable kingdom. 



81. This is a small order of curious plants differing in 
some respects from all others. LinuKus had arranged 
them with the palms, but Brown suggested their analogy 
to the ConiferjB, while Brongniart pinved by their hgneous 
stmeiure that they belonged to that family. The Cycas 
aud the pines form a. Botanical family, peculiar to them- 
selves in one respect, viz, that their seeds are naked, or 
without covering of any kind, and hence they are called 
GymnospertQous, {naked seeded.) 

In respect to the hgneoua structure, the Cycas difiers 
from all other vegetables, combining in certain features 
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the Exogense, [he ftrns, aivd ihe pines, A slice, or trans- 
verse section of this plant is repreBenied hy Lign. 6, hiiving 
a central pith with woody layers separated by a condena^ 
line, and conBiGling of elongnled cellular tissue, arranged 
in a regular series, with medullary rays and bark. 



82. The famUy Cycades cranprehends two living' 
genera, the Cycaa and the Zamia, of which there are firt; 
known species of the former and about seventeen of tfafl) 
tatter. Not a single species of either are indigenous in' 
any part of Europe, being found only in hot cJmiatea, 
equinoctial America, West Indies, India, &c. They i 
common in hot-houses, whore they excite attention by thdR 
peculior appearance, having a large depressed body, oft 
trunk, resembling a pine-apple, with a tuft of leaves arrant 
ged on long stalks, springing from near the top, uidi 
resembUng at once the palms and the ferns. 




ZamiB Hpimlia. 

The Zaroia spiralis, from Australia is represented 1:if1 
Lign. 7. This will give a good idea of both epecies, t' ' 
Cycaa being of similar form and habit. 

Whal is IliB tignnons Mraclure of this (smilj ? "Ntisl in said of tli 




A leaf of the fossil Zamia is shown by Ligtt. 8. Thi« 
was a very perfect specimen from the StonesGeld slate in 
England, being nine inches long. 



83. This is the last class of the Linnsan arrangement, 
and containa all such plants as have no perceptible organs 
of reproduction, and consequently cannot be arranged in 
any of the other classes. It is necesaary to give some 
account of the peculiarities of this large family here, for the 
use of the student in fossil botany, who is not well ac- 
quainted with the science generally, since a large propor- 
tion of the fossil vegetables fouiid in the lower strata 
belonged to this class. 

The principal families belonging to this class are the 
Ferns, Equiselimis, Lycopodiums, lichens, liverworts, 
Sea-weeds, or Algx, and the Fungi, or mushrooms. 



84. The family of feme, says E)r. Buckland, both in 
the living and fossil Flora, is the most numerous of vas- 
cular Ciyptogamous plants. Our knowledge of the geo- 
graphical distribution of existing feins, as connected with 
temperature, enables us to appreciate the information to 
be derived from the character of fossil species, in regard 
to the early condition of the climate of our globe. 

The total number of known fems, now growing in dif- 
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ferent parts of the world, amount to about 2,000. In north- 
em chmates they never exceed the height of a few feet, 
the common brake, or polypody being a medium specimen 
in size. But in hot climates, the arborescent, or tree ferns, 
assume the size of forest trees. One standing on the stair- 
case of the British museum, is 45 feet high, and is a na- 
tive of Bengal. 

85. Structure of the Ferns. — The stems of arborescent 
ferns are distinguished from those of all other endogenous 
trees, by the peculiar form and disposition of the scars 
from which the petioles, or leaf-stalks, have fallen off In 
the palms, the leaf-stalks embrace the stem, and leave 
broad transverse scars, or rings, whose longer diameter is 
horizontal In case of the ferns alone, the scars are either 
elliptic or rhomboidal, and have their longer diameters t?cr- 
tical Several of the other families of the ciyptoganric 
class are found in the fossil state, especially the equise- 
tmns, and the lycopodiums, or club-mosses, and occasion- 
ally the fuci or sea-weeds, and the lichens. The fuci are 
called Agamous, that is, without sex, as they have no 
seeds. 



CHAPTER IX. 

MODE OF INVESTIGATING FOSSIL PLANTS. 

86. Having thus given such an epitome of the Botany 
of the classes and orders of plants as are most commonly 
found in the fossil state, as is required by the student at 
the commencement of his inquiries, and having also given 
such illustrations and descriptions of the structure of each 
class and family, as our limits will admit, we now pro- 
ceed to describe the methods of applying this information 
in discriminating the objects in question, according to the 
directions of the British Fossil Flora. 

87. The authors of this work, Lindly and Hutton, say, 
" That a few isolated, and often-times very imperfect data, 
exclusively afforded by the remains of the organs of vege- 

What is a common example of the ferns of our country ? What is said of 
arborescent ferns ? 
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„ ii, are the sole guide to the class, order, or genus of 

the fossil plant which the g-eologiat has to examine ; hence 
a general idea only can often be ohtainod of the origiuaL" 
As already stated, (61,) no part of the liowet ia found, 
and therefore our knowledge of the character of iho fossil 
must depend on the examination of the structure, or or- 
ganization of the wood and leavea, 

88. Examination of the trun/c or stem. — Observe wheth- 
er a transverse section of the petrified trunk or stem is 
disposed in concentric circles, as shown by Lign. 3 : if so, 
it belonged to an exogenous tree. If, on the contrary, the 
wood seems to have been deposited in irregular spots, 
Lign. 1, it is endogenous. If a transverae section show 
remains of sinuous, unconnected layers, resembliug area, or 
crooked lioes with their ends directed outwards, these area 
being of a solid structure, and imbedded among looser 
tissue, Lign. 9, then it belonged to an arboreacenl fem, 
sections of which the cut shows. 




. If the stem he in a state of preservation, eo that it 
will admit of slicing or chipping off a piece for microsco- 
pical examination, by the process already describtd, (Chap. 
Vli,) that should be employed. If the sirucmre be en- 
tirely cellular, and it can be ascertained that it never pos- 
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Bossoil vascular tissue, the plant belonged to Cryptogamia, 
as tl:e fuci, mosses or lichens. 

90. If the sjx'cimen consists of parallel tubes, having 
neither pith nor rays passing from the centre to the cir- 
c\uaforonct\ the original was endogenous, and probably 
bolongeil to the palm family. If, however, any traces k 
tissue be detocteil crossing the longitudinal tubes at right 
angles, radiating from the centre towards the circumfer- 
ence, this will prove the existence of medullary rays, and 
the tnH» nuist have been exogeneous, as the oak or chesnut. 

91. If the tnxnsverse section shows a central pith, with 
layers separated by a condensed line, with elongated cel- 
lular tissue, and faint rays. Lt^i(n. G, the original belong- 
eil to the (.yeas or coniferous family. 

If the tuWs of a longitudinal section be studded with 
glands, and has medullary rays, with signs of concentric 
circles, i.ijy^/i. ;">, it undoubtedly belongs to the coniferae, 
or pine family. 

9*2. If any vestige of central pith bis discovered, the exo- 
gtMU)us nature of tlie original may be inferred ; and if, in 
addition to this, signs of a true cortical investment or bark 
be discovereil, then^ is no doubt but the tree belonged to 
the nicolyleiloiious class; while a cortical investment, (» 
rind, not si^panxble from the inclosed structure, indicates 
tlH> euilogenous class, and the entire absence of any rind 
shows the cryptogamia. 

9J1. Markitiir of the atcms. — The markings on the stems, 
occasioned by the scars, or spots left by the separation of 
the jH»tioles, or leaf-stalks, aftbnl important evidence with 
n^siMM't to the class to which the tree belonged, since they 
are pri\s(»nt when the tnmk is flattened by compression, 
even to a thin layer of coal. By these markings it can 
bc^ se(>u wluMher the leaves were alternate or verticillate, 
opi)ositc or spirally disixjsed, or whether they clasped the 
stem horizontally, or extended vertically up and down the 
stem. It will also be apparent whether the leaf was cast 
olF annually, as in deciduous trees, leaving a clean scar, or 
wlietlier it was broken off by force, showing the marks of 

If of parallel tubes, without { ilh or rays, where is its place ? What are 
the marKS of the Cycas ? Wl.at those of the pine ? If a central pith be 
seen, where dors it belong? If the rind be absent, where is its place? 
What can be inferred from the scars of the leaves on the stems ot fossil 
plants? 
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rupture, by leaving a part of the footstalk, or taking with 
it a portion of the bark. 

94. Examination of the leaves. — In the fossil state, the 
texture and surface of the leaf are sometimes preserved, 
though, in general, the outline and its divisions, and the 
emrangements of its veins, can only be ascertained. The 
vencUtauj that is, the form and distribution of the vascular 
tissue, or veins of the leaf, is the most important charac- 
ter w^hich the geologist can have for his guidance. 

95. K the veins are parallel, not branched, but only con- 
nected by transverse bars, the leaf itself being undivided, 
Lign. 2, as in the lily and maize, the plant was proba- 
bly endogenous ; but if the leaf be divided, as shown by 
Lign. 8, it must be referred to the Cycas, or Zamia. 

96. Leaves having the veins of equal, or nearly equal 
thickness, and dichotomous, or forked, the leaves them- 
selves being small, with fine veins, and pinnated ; and 
especially if the sporules or seeds have left dots on the 
back of the leaf, or frond, the specimen clearly belonged 
to the fern tribe. 

97. If the veins be obviously of unequal thickness, that 
is, largest towards the petiole, and smaller towards the 
apex, or disposed in net-Uke meshes, (reticulated,) as in 
the rose and apple, Lign. 4, Fig. 2, the tree was undoubtedly 
dicotyledonous. 

98. Leaves of large size, having no veins and irregular- 
ly gashed or divided, are probably of marine origin, and 
are of the fuci family. 

According to the authority of the British Fossil Flora^ 
and the Medals of Creation^ such are the rules for the 
investigation and interpretation of the characters of the 
stems and foliage, which have been preserved by min- 
eralization. Their application, it is said, is not difficult; 
and the student may, by their assistance, obtain some 
general indications as to the nature of the original tree, 
or plant, whose petrified remains form the subject of his 
examination. 



What is said of the venation of fossil leaves ? If the veins are parallel, 
where did it belong ? If the veins are parallel, but the leaf divided, what 
is inferred ? What are the indications of the ferns from the leaves? If 
they are reticulated, where did they belong ? If large and gashed and 
veinless, where ? 
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CHAPTER X. 



OU&ABILITT OF THE FE&HS. 



99. The great preponderance of the ferns, and of the 
higher orders of the ciyptogamic plants, in the Flora of 
the ancient world, having excited, in a peculiar degree, the 
attention of naturalists, and it being conceived that the 
total absence of certain kinds of plants, and the constant 
presence of others, with other points of the like nature 
and interest, might be accounted for bj a dif^nce in the 
capability of one plant to resist the action of water bejtxid 
another. Dr. lindly resolved to try the result by actual 1 
experiment. 

100. He therefore, on the 21st of March, 1833, filled a 
large iron tank with water, and immersed in it 177 speci- 
mens of various plants, belonging to the more remarkahle 
natural orders, taking care, in particular, to include repre- 
sentatives of all those which are constantly present in the 
coal measures, or as imiversally absent. The vessel wag 
placed in the open air, left uncovered, and was untouched, 
with the exception of filling up the water as it evaporated, 
till the 22d of April, 1835, that is, for rather more than 
two years. At the end of that time, what remsdned was 
examined, when the following highly curious results were 
obtained. 

101. In the first place, it was found that the dicotyledo- 
nous plants had in general wholly disappeared, whence 
it was inferred, that they could not remain for two years 
in water without being totally decomposed. On the con- 
trary, the principal part of those found in an imdecayed 
state, were the coniferae and cycadeae, which are the very 
individuals found best preserved in the fossil state. 

1 02. Secondly, it seemed that monocotyledonous plants 
survived to a considerable degree ; whence it was con- 
cluded that they are more capable of resisting the action 
of water, and in particular the palms, than the exogenous 

What was Dr. Lindly's experiment to test the durability of plants in 
water? What was the result? Did it agree with what is known of the 
durability of fossil plants ? What is said of the durability of mcmocotiylA- 
donous plants ? 
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tribes, which again agrees with their fossil relics ; but 
the grasses and sedges had perished ; whence it was con- 
cluded, that although none of these may be found as fossils, 
still we have no right to infer that the earth, in the prime- 
val state, was not clothed with the grasses, since there is 
reason to beheve, that had this been the case, they might 
have entirely disappeared. 

103. Thirdly, the fimgi and mosses, and all the lower 
forms of vegetation, were not to be foimd, and even the 
equisetums, though of considerable size, left no traces be- 
hind. 

104. Fourthly, the ferns appeared to have the greatest 
power of all the plants tried, to resist the decomposing 
eflfects of water, especially if immersed in the green state, 
fw not one of them had disappeared during the experi- 
ment; there being no decay, except that the spots of fruc- 
tification had disappeai'ed, a result often, if not constantly, 
met with in the fossil state. 

105. From these experiments. Dr. Lindly sissumes, as a 
general result, that the numerical proportion of diflferent 
families of plants found in the fossil state, throws no light 
whatever upon the ancient climate of the earth ; but that 
the species and nimibers found, depend entirely upon the 
power which particular families may possess, by virtue of 
the organization of their cuticles, or otherwise, of resisting 
^e action of the water in which they floated previously to 
^eir being fixed in the strata in which they are now 
^«nd. Bd. 308. 



CHAPTER XI. 

SUBMERGED FORESTS, PEAT AND LIGNITE. 

. 106. We shall precede our description of individual fos- 
®^ plants, by an account of the effects of water and pres- 
sure on vegetables, tracing the transition from peat to 
%niie.- It will be remembered that the coal fields, besides 

-. ^hat of the grasses ? What inference not necessary, because no ves- 
•Jjes of grass are found ? What of the fungi and mosses ? What of the du- 
'^oility of the ferns ? What does Dr. Lindly assume from his experiment i 
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owing their existence to vegetables, are at the present daj 
the great depositories of organic fossil remains, and hence 
the interest which geologists have always taken in eveiy 
thing concerning these formations. Li a nation depend- 
ent entirely on this source for fuel, and where vast exca- 
vations are increased every year by the unremitted labor 
of thousands of men, constant opportunities are afibrded f 
for men of science to make new discoveries, and detect 
new objects of geological interest. And where the most 
untiring ardor, wealth, and science are combined to carry 
forward such investigations, and give the world the result, 
as is at present the case in Great Britain, other nations, 
not possessing such advantages, must look to this source 
for at least the elements of most that is known on geolo- 
gy at the present day. And this is indeed the case, for 
the Enghsh are doing more at present to make geology, 
as a science, interesting, imderstooQ, and appreciated, than 
all the rest of the world. 

107. The phenomenon of extensive tracts of marsh 
lands, having layers of prostrate trees of all ages, lying 
but a few feet beneath the common alluvial soil, is of fre- 
quent occurrence, both inland and along the shores of the 
sea in various countries. These submerged forests are 
often situated below the level of the sea, and thus afford, 
says Mr. Mantell, unquestionable proof of the subsidence (rf 
the land at the places where they are found. The trees 
are readily distinguished, and are of the kinds indigenous 
to the districts in which they occur ; and leaves and seeds 
of the hazel, beach , elm, and other trees are often pre- 
served in the silt, (fine sand and clay left by nmning 
water,) in which the prostrate forests are engulfed. 

108. The wood in these cases has undergone no change 
but that of being dyed black, from the impregnation of 
iron, which, combining with the tannin of the plants, forms 
an ink, that in its turn stains the materials of which it 
was made. Many of the trunks are as sound as when 
submerged, and are not unfrequently taken up and employ- 
ed in building. The oak of the ship Royal George, lately 
raised up off Portsmouth, England, after being immersed 
more than sixty years, was perfectly undecayed, and close- 
ly resembled in color and appearance, submerged wood. 

What is the inference with respect to the land where submexiged fores&s 
are found ? Are the trees of known specVes, ot tmo^I 
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Associated with these buried vegetables, the bones of deer 
and swine are occasionally found, and the canoes and 
stone implements of the aboriginal inhabitants. 

109. In the extensive peat bogs of Ireland, large forest 
trees are often buried, together with the skeletons of elk, 
deer, and other animals of the chase, and sometimes the 
bodies of the primitive himters, wrapped in skins. In Bel- 
fast Lough, a bed of sub-marine peat is situated beneath 
the ordinary level of the waters, and in which the trunks 
and branches of trees, with vast quantities of hazel-nuts 
are imbedded in the peat ; the whole being covered by 
layers of sand, shells and silt. 

110. In most cases the nut-shells of peat bogs are 
empty, the kernels having decomposed, and by some 
means escaped; but in some instances their places are 
filled with calcareous spar, the outside being still entire, 
and without a particle-of the spar adhering to it. 

111. Age of Feat.— ^Xi all cases peat appears to have 
been formed since the present order of things, or since the 
deluge, while it seems equally true that coal of all kinds, 
including lignite, was formed before that epoch. Hence 
some geologists have inferred that in process of time, peat 
bogs would become coal fields. 

112. Antiseptic power of Peat. — It appears, from the 
following account, that peat has the power of preserving 
animal matter from putrefaction and decay. 

In the year 1675 two persons, a farmer and a woman, 
were crossing the peat moors, in Derbyshire, when they 
were overtaken by a storm of snow, and both perished. 
This happened in January, and in May, the bodies being 
found, were buried on the spot. Here they lay twenty- 
eight years and nine months, when the curiosity of some 
persons, probably having heard that peat would preserve 
dead bodies, induced them to open the graves, and this 
they found to be true ; for the bodies appeared quite fresh, 
the skin fair, though somewhat darker than natural, and 
the flesh as soft as that of persons lately deceased. 
These bodies were afterwards often exhibited as curiosi- 
ties, until the year 1716, forty-one years after their deaths, 
when they were finally buried by the order of the farmer's 
•descendants. At this time a medical man, who examined 



What is said about the age of peat? What of the age of coal ? What 
have geologists inferred with respect to peat bogs ? 
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these bodies, says, that the man was perfect ; his beaid 
was strong, his hair short, and the skin hard, and of the 
color of tanned leather. The body of the woman was 
not so perfect, but her hair was like that of a living 
person. 

113. At the battle of Solway, in the time of Henry Vm, 
(1546,) when the Scotch army was routed, an unfortunate 
troop of horse were driven into the Solway morass, and, 
sinking down, men and horses, the surface closed over 
them. A tradition of this catastrophe has alwajrs been 
kept alive hy the people of the neighborhood, and the place 
where it was supposed to have happened, designated. 
This tradition has been authenticated within the memory 
of man ; a man and horse, in complete armor, such as was 
worn in Henry's time, having been found by the peat dig- 
gers, in the place where it was believed the accident 
occurred. The bodies of both man and horse were well 
proser\'ed, and the different parts of the armor readily dis- 
tinguished. These cases are from different authorities, 
but are well authenticated. 

114. Cavses of the Antiseptic property of Peat. — This 
property has been attributed to the carbonic and gallic 
acids, which are set free during the partial decay of the 
vegetables, and also to the gums and resins which various 
plants contain. Others have attributed this eflfect to the 
tannin which it is well known peat contains. It is most 
probable, however, that this property is owing to the forma- 
tion of pyroligneous acid during the decomposition of a 
part of the plants, when first immersed, and by which the 
others, as well as animal matter, are preserved. It is true 
that we can make this acid only by destructive distillation 
of the wood ; still, it may be conjectured that the natural 
destruction of the same organic substances may produce 
the same effect. 

LIGNITE, BROWN COAL.CANNEL COAL. 

1 15. The carbonized wood known by these names often 
exhibits an obvious ligneous structure, so that some speci- 
mens appear similar to the imperfectly burned wood in the 
process of making charcoal. Its chemical characters are 



What is said of the antiseptic property of peat ? What facts are 
in proof of this quality? What is this property attiibated to? 'Wfalftii 
lignite? 
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between wood or peat and perfect mineral coal, having 
the bituminous odor of the latter, and the texture and 
inflanunability of the former. It is generally deposited 
among the newer strata, but is sometimes also found in 
the older tertiary formations ; it is not unfrequent in some 
of the ancient secondary deposits, and may occur in the 
earliest sedimentary rocks which contain organic remains. 

116. The newer deposits of brown coal are commonly 
situated in depressions, or basins, as if they had been pro- 
duced by the submergence of woods and forests, beneath a 
swamp or morass. Specimens often exhibit the carbon- 
ized ligneous structure passing into a pure black coal, 
differing in no respect from pure coal, except that its weight 
is less. 

117. The Bovey coal is in the stale of bituminized 
wood, the vascular tissue, which is often coniferous, being 
very apparent. It is easily chipped, or split, and it leaves 
a considerable quantity of white ashes when burned. 
The layers of coal differ from one to three feet, and there 
are eighteen or twenty in a depth of 120 feet ; this coal field 
extends seven or eight miles. No fruit or leaves have been 
found in this formation. Calcareous spar and sulphuret of 
iron prevail in many of the strata. In some places this 
brown coal is covered by a bed of peat, in which trunks 
and cones of firs are foimd. The whole series of strata 
appears to have been a lacustrine deposit, into whose basin 
rafts of pine wood were drifted by periodical land floods. 

118. The brown coal formation on the bank of the 
Rhine presents the same phenomena, on a more extended 
scale, and complicated with changes induced by volcanic 
action. In Iceland, where at the present time forests, 
or even trees are unknown, there are extensive deposits of 
lignite of a peculiar kind, called surturbrand, which serve 
the inhabitants for fuel, or otherwise that country would 
be uninhabitable. 

1 19. That well-known and beautiful substance called 
jet, is a compact black lignite, and the vascular tissue 
may be detected even in the most solid masses, when pre- 
pared in thin slices, and submitted to the microscope in the 

What are the chemical properties of lignite ? What is the appearance 
of lignite ? What is said of Bovey coal f What is said of lignite of lot- 
landi What is the origin of it ? 
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manner doscriboJ. When made very' thin, it appears by 

transmitted li«;ht of a rich brown color. 

120. There are many localities of brown coal in Eng- 
land, and in other parts of Europe ; and in our own 
country the town of Limerick, in the state of Maine, affords 
an extensive bed. In this instance the coal, which is sim- 
ilar to cannel coal, appe^irs to be now fonning, being found 
at the depth of only three or four feet, and amidst the 
remains of rotten logs of wood, and beaver sticks^ that is, 
hmbs gnawed by beavf^rs. The ]>eat is twenty feet thick, 
and rests on wliiie sand. Some specimens were found 
highly bitmninous, yielding seventy-two per cent, of bitu- 
men. Polished slices of this coal exhibit the pccuhar stmc- 
ture of coniferous wood, and prove that it was derived from 
a species allied to the American fir. M. C. p. 82. 

Having already shown (16 to 21) the vegetable origin 
of coal, it is imnecessary to recapitulate here the proofs 
already adduced on that subject ; the object of the above 
remarks on peat and lignite being rather to show the 
effects of time and moisture on vegetables preparatory to 
entering on the description of individual fossils, than to 
treat of the origin of coal. 



CHAPTER XII. 

GEOLOGICAL FORMATIONS 



121. Before proceeding further on the subject of organic 
remains, it is necessary to give the names and relative 
position of the strata in which they arc foimd. This will 
be followed hereafter with a description of the individual 
rocks and deposits, the arrangement and materials of the 
different classes of strata being inserted here with refer- 
ence to the fossils they contain, an account of which is to 
follow. 

ARRANGEMENT OF STRATA AND ROCKS. 

FOSSILIFEROUS DEPOSITS. 

122. The tabular view which follows will give a gen- 
eral idea of the various formations, with respect to their 

How is it proved that it originated from wood ' 
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Older of succession, their composition, and the fossils they 
lespectively contain. It may be considered a chronological 
arrangement, beginning with the most recent formations, 
and proceeding downwards to the most ancient. 

I. ALLUVIUM. 

L DRIFT, OR MODERN ALLUVIUM. 

123. This includes the deposits now in the course of 
formation, or the sand left by rivers and lakes, as well as 
peat bogs, coral limestones, volcanic products, and the 
tufaceous or calcareous incrustations from mineral 
springs. 

II. DILUVIUM. 

124. Containing the bones of animals, often of colossal 
size, as those of the mastodon, the mammoth, rhinoceros, 
hippopotamus, elk and whale. These accimiulations also 
contain boulders, and other drifted materials, and by some 
geologists are supposed to be the effects of the Noachian 
deluge. The tusks and bones of elephants, found in such 
vast quantities in the northern hemisphere, are supposed to 
have been buried during this period. Hence these are 
called diluvial accumulations. 

II. TERTIARY FORMATIONS. 
III. FOSSILIFEROUS GROUP. 

125. This is an extensive series, comprising, often, 
vast accumulations of marine, lacustrine and fluviatile 
deposits, as shells, sand, boulders, plants and the remains 
of animals, both of extinct and of existing species. Dur- 
ing this period the earth was rent by volcanoes and tre- 
mendous floods, both of fresh and salt water. 

Mr. Lyell has divided the Tertiary period into three 
distinct sub periods, depending on the ages of the organic 
remains they contain. These are the — 

(a.) Pliocene {more recent.) The strata of this period 
contam remains, chiefly shells, of which about ninety per 
cent, are recent, or now living. 

{b.) Miocene (less recent.) The strata of this period 

What does the modern alluvium include ? What do the beds of diluvi- 
um contain? What do the tertiary formations include 1 What are meaflifc 
by the pliocene, miocene and eocene periods ? 
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contain about twenty per cent, of recent shells, the re- 
mainder being extinct. 

(c.) Eocene {dawn of recent.) So called because, during 
this period, the first recent shells appear, being about five per 
cent. They are found in the I-iondon clay, Paris basin, &<;. 

III. 8ECONDART FORMATIONS. 
IV. THE CHALK. OR CH.ETACEOUS GB.OU?. 

126. A marine series of formations, including strata of 
limestone, sandstone, marls and clays : and abounding in 
marine organic remains of shells, moUusca, corals, fish, 
turtles, crocodiles, and other extinct fossils. The remains 
of birds are also found in this group. 

V. THE WEALDEN FOAMATION. 

127. This is a peculiar fresh-water deposit in England, 
apparently the delta of an ancient river. It contains 
beds of sandstone, clays and limestone, with occasional 
layers of hgnite, and is particularly characterized by the 
remains of peculiar aquatic reptiles, \-iz. Iguanodon, Mega- 
losaurus, Plesiosaurus, Crocodile and Turtles. It also 
contains endogenous plants, with petrified remains of the 
cycadeae and coniferje. Clays and limestones, almost 
wholly composed of fresh-water snail-shells and minute 
Crustacea, occupy the upper place in the series. 



VI. THK OOLITE FORMATION. 



128. A marine deposit of great extent and thickness, 
consisting of limestone and clays, which abound in marine 
shells, corals, fish, reptiles, both of terrestrial and marine 
species, together with the remains of land plants, and of 
two genera of peculiar animals of the marsupial^ or pouched 
order. 

This formation has many locahties in diflferent parts of 
England, and in other countries. It is often known under 
the name roe-stone^ the masses being formed of small 
globular calcareous bodies, resembling the roe of fishes. 
This structure is, however, only partial, the great body of 
the Oolitic system being common hmestone. 

What JM the chalk, or cretaceous group ? What is the Wealden forma- 
tion? What is the oolite ^formation, and what peculiar animal remains 
dacH it contain 1 
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/ VII. TB£ LIAS FORMATION. 

129. A series of limestones, clays, shells and marls, in 
which are contained marine shells, fishes, plants, and es- 
pecially the remains of two genera of reptiles, the Ichthy- 
osamus and Plesiosamus. It is divided into the upper and 
lower Lias, each containing particular species of shells or 
fishes. The term, has, is a contraction of layers, because 
parts of this system are in thin strata. 

VIII. SALIFEROOS, OR NEW RED SANDSTONE SYSTEM. 

130. A marine formation, consisting of marls, sand- 
stones, often of a red color, and occasionally variegated. 
It contains gypsimi, rock-salt, with corals, mollusca, plants, 
fish and reptiles. 

It is divided into upper new, and lower new. The first 
contains variegated red, blue and white marls, and varie- 
gated sandstones. Thickness, 900 feet. The lower new, 
contains red and white marls and dolomite ; also, magne- 
sian limestone, sandstones and conglomerates, with the 
remains of shells, fishes and plants. It is named salifer- 
ous, because it contains saline materials, as salt and brine. 
Thickness, 300 feet. 

IZ. THE CARBONIFEROUS, OR COAL SYSTEM. 

131. Consisting of shells, clays, ironstone and lime- 
stones, interspersed with beds of coal, sometimes of great 
extent and thickness ; also, innumerable remains of marine 
and fresh-water fish, as well as plants and animals of 
tropical species. In this formation most of the fossil 
remains of plants have been found, which are figured in 
books, and on which S3rstems of Fossil Botany have been 
founded. In this system also belong the coal measures or 
coal fields from which such vast quantities of fiiel are 
extracted. 

X. THE DEVONIAN, OR OLD RED SANDSTONE SYSTEM. 

132. It is a marine formation, containing red and green 
marls, limestones, sandstones, shells, corals and fishes. 

What is the lias formatioii, and what does it embrace ? What is the sa- 
lifeious system ? What does it contain ? Why is it so called ? WbiBl i& 
the cashottifeiouM aystem 7 What does it chiefly containl 

5* 
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IV. PRIMARY. OR HTPOGENE ROCKS. 

J.U1. m:ca slate. 

135. It consists chieflv of mica, and small particles of 
fjuartz. fonniiig^ strata of various thickness. No fossils 
Hr*i found in this rock. 

XIT. GNEISS. 

l''onn'rd of the component parts of granite, mica, quartz 
iimi U:\i\Hpnr, fma grained and laminated, so as to have the 
ti\t\n:iiriih(:ii of diKintcg^rated granite, again reformed by the 
tty':tit:y tff water. J3oth rnica-slate and gneiss are supposed 
to huv<; U;cn allfirftd by heal after they were deposited in 
iheir itrt'Mt'jii forniH. 



WIml hftt th<i fli^riMMitM of the Devonian group? What are chief 
timn^iitim m ihi kiluriMn NVNtem? What is the shistoee system? Wklt 
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V. PLUTONIC, OR CRYSTALLINE ROOKS. 

XV. THE GRANITE SYSTEM. 

136. Granite is one of the most extensive geological 
formations. It is composed of quartz, mica and feldspar, 
always in the form of crystals, sometimes of large size. 
It is supposed to owe its present form to the agency of 
heat, of which the proof will be adduced hereafter. 
Granite, gneiss, and mica-slate form the vast elevated 
ranges of mountains in all primitive countries. Granite is 
never stratified. 

VI. VOLCANIC ROCKS. 

XVI. LAVA, BASALT, G&EKNftTONK, PUMICE, T0AD8T0NE. 

137. These are the products of volcanic action, \mder 
various circumstances, and perhaps by different degrees of 
heat, or the different materials on which the fire acted. 
Elxtensive ranges of mountains are composed of these 
materials, especially of trap or greenstone. These pro- 
ducts are of all ages, and are found in nearly every country. 
They will be considered in detail in their proper place. 

HYPOGENE ROCKS. . 

138. H3rpogene is a term coming from the Greek hypo^ 
under, and ginomai, to be formed, and has reference to the 
production of granite, and other rocks, formerly called 
primitive, because these rocks are supposed to have been 
formed under the surface, and afterwards forced up to the 
situations they now occupy. This term by recent writers 
is substituted for primitive, because some members of the 
latter class are supposed to have been posterior to many 
secondsiTy or fossiliferous rocks. 

METAMORPUIC ROCKS. 

139. This is a stratified division of the Hypogene group, 
embracing gneis and micii-shtte, which are so named be 

What its form ? What is granite ? What its form ? What arc the vo' 
caoic rocks mentioned ? What is meant by hypogene ? Why ia this ten 
subatiluted for primary ? 
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cause they are supposed to have been altered by plutonic, 
or calorific action. The word is from tneta^ trans, and 
morphe, form. 



CHAPTER XIII. 

ILLUSTRATIONS OF FOSSIL BOTANT. 

140. Having thus given a general history of organic 
remains, together with lignographs of the internal struc- 
ture of such classes or orders of trees as are most com- 
monly found in the fossil state ; having also named and 
described the formations in which such fossils are found, 
we are now prepared to illustrate these classes or orders, 
by figures of plants, chiefly from the formations named. 
The design of this work will, however, only allow exam- 
ples to be given of the diff"erent orders, together with per- 
haps a few varieties from the great number of ferns which 
have been figured and named by geological writers. It is 
only necessary to add, that for the figures and descrip- 
tions which follow, we are chiefly indebted to the MedcUs 
of Creation, though the descriptions are generally much 
abridged. 

AGAHIA. 

141. The plants of this class have no seeds, or traces 
of fructification, their structure consisting of cells alone. 
The fuci, or sea-weeds, of which there are a great num- 
ber of varieties, belong here. 

ALGEJE. 

The Algeae is a family which includes the fiici, many 
species of which are found in the mineral kingdom, m 
the Silurian limestone of the Alleganies, Dr. Harlan found 
entire layers of rock, mostly formed of a large species of 
fuci. An individual of this family, the Fucoides Lamour- 
otmt, is represented by Lign. 10. It is from Monte Bolc£^ 
axkl lies on the layer of shale, as taken from the quarry. 

9 

What are the agamia ? What common plants belong here ? What are 
the algete 1 




142. Thia ia a small fresh-water plant, consisting ap- 
parently of bundles of green fibres. It is among the low- 
eat orders of vegetalioo. This, with the moaaes, are occa- 
sionally found in the fossil state, especially in the tertiary 
Btrala, One of these is represented by Lij/n, 11, fig. 1. It 
consists of a beautiful specimen of green moss, apparently 
of the geous tJypnum, with a conferva twisted around ila 
baae, and running towards the apex. This is in a transpa- 
rent piece of quartz, and forms a remarkably beautiful 
specimen. It is here magnified three times. Quartz 
pebbles, including mosses, are known under the name of 
mocha stones, and are highly valued by collectora. 

WhdJ is ihe confervBT 
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143. A description of this class has already been given, 
(83,) and we shall proceed to illustrate some of the orders 
there mentioned. 



The equisetums, better known under ihe name of horse- 
tails, are upright, slender and elegant plants, of half an 
inch in diameter,and about two feel hig^h, growing in mmst 
places. The stems are jointed, each joint having a whorl 
of linear leaves, and a dentated membranous sheath, em- 
bracing the stem, 

A gigantic species of this tribe is common in the oohte 

of Yorkshire, the Equisetum columnare, represented by 

Lign. 1 1, Fig. 2. It is an extinct species, being several 

^^ipchea in diameter, and having regular and beautiful col- 

uBtnar marking on the stem. 

144, Another Equisetum, of smaller size, being about 
that of those now growing, is represented kp i.i^. \.^,Fig. 



Wh«t BTB Ihe equiBeluiiiB ? How 



lelnnis differ fram 



1LL178TRATIONS OF FOSSIL BOTANT. 99 

1. Itisthe£. LyeUV, from the Wealden formation, (127.) 
This Btem, with ita two dentated sheaths, closely resem- 
bles the recent species, hyeTnale, so common in OUT moiet 
grounds. It has a bud near the lower joint. 




Equisetum I:rellL 



145. Description. — Stem articulated, regularly striated, 
the articulations naked, or studded with tubercles, and 
sometimes encircled \>y o. stellated sheath, somewhat re- 
sembling the dentated, of the equisetums. The plants 
of this fossil genud; (none being recent,) are closely re- 
lated to the horee-tails, but differ from them in having the 
stem uniformly striated ftnd mostly in the absence of en- 
circling sheaths, though, a few have them. Some of this 
species have attained an enormous size, being from one 
to three feet in diameter, and from thirty to foity feet high. 
They aboimi! in many of the coal formations, and consti- 
tuted an importaot feature in the carboniferous epoch. 
They occur also in strata far more ancient, and some spe- 
cies appear to belong to the earliest terrestrial Flora of 
which any traces remain. In most instances, when speci- 



Ho» Ao \ 



differ from the f 
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mena are found lying in the same plane with the Btrata, 
they are pressed flat ; but when occurring in a vertical posi- 
tion, as has been sometimes the case, they letain their cvt- 
indrical form. A» outer crust, or pellicle of coal, generaUy 
surrounds the stem, but no remains of internal structure 
have been observed. 

146. The stem figured, Lign 12, Fig. 2, has a stelUle 
sheath at the upper joint, and shows the difference be- 
tween this appendage and the dentated sheath of the 
Equiseta, aa shown in the figure. It is the Calamittt 
radiata, represented one half the natural size. 




In a few instances, the foliage of the Calamitee has 
been preserved, a specimen of which is shown by Lien. 
13. Thia is a remarkable example of the ancient Fossil 
fJam; and as a representation of lYie pWnva ■wfet'b. •saw, 
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corered the eanh, may serpe to elevate our ideas of the 
glory and beauty of our planet, before the surface waa i 

rendered chaotic bj the tremendoue forces which acted I 

upon it. It is the Calatniles nodoms, from coal shale. | 



147. Having already given some account of the geo- 
graphy of the ferns, (84,) as well us their structure, (85,) 
we wUl only add, before entering oq the descriplion of in- 
dividual species, that the tree ferns, may be recognized in 
ihe fossil stale, by their cylindrical forms, without limbs, 
and the regular disposition and peculiar character of the 
scars (85,) left by the separation of the petioles. The 
leaves may be identified by the fonn of their segments, or 
lobes, which are disposed with remarkable regularity, and 
have a peculiar mode of subdivision ; and eapecinlly by 
the delicacy, evenness, and peculiar distribution of the 

148. There are upwards of two thousand known species 

of Lving ferns at ihe present time, many of which have , 
been discovered and named within a few years, and i»^ 
probable there may be as many more Blill unknown.^Of 
ibssH Ilerns, about one hundred and fifty species, all ex- 
tinct, have been collected from the carboniferous strata. 
The arboreacenl fema of the present day are almost ex- 
clusively confined to the equatorial regions, humidity and 
heal bemg the conditions most favorable to their develop- 

149. Digression. — There are necessarily a few botaaiQ 
ical terms employed in l|ie descriptions of the ferns, whirfl 
those not coiivereant with that science will not be likely 
to understand, and which, indeed, as they relate to ths 
forms of the plants, cannot be comprehended without tha 
use of cuts, For the benefit and use of such, the follow- 
ing are introduced. 



150. With respect to forms, leaves are either simple or 
single, Bs that of the lily; or compound, as those of tb« 
rose. Compound leaves are divided into pinnate, bijiinnatt, 
&c, or temate and bittTnaie, &c. The following cuts 
will show these distinctiona. 
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Na I . A pinnate, or winged leaf. The petiole, or foot- 
stalk, has several leaflets on each side, growing in oppo- 
site pairs. 

Na 2. A bipinnale leaf. Iii this the petiole is divided 
into Beveriil pans, each of which bears leaflets like the 
simple pinnate leaf. 




No. 3. A iripinnaie leaf The petiole is here divided 
into three parts, each of which are bipinnate. 

No. 4. A tertialt leaf- That is, the same footHitalk 

bears three leaves. 





No. 5. A bitrmatelaeX. That ia, the foot-stalk is di- 
vided into three parts, each of which bears a temate leaf. 
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No. 6. A tritemate leaf. That is, three times three- 
Wved. 

Having made this digression, we now proceed ; first, 
however, informing the reader, that the fern leaves are 
called/nwitis, and that the names of the genera are derived 
from pieris, feni, to which is prefixed some term indicative 
of its pecuhar character, as neuropteris, nerved fern, &c. 

151. Genus Pal-hypteris, (iic* /prn, Zi(]^. 14. Frond 
pinnated, the leaflets entire, having a midrib, hut without 
veins ; contracted at the base, and lanceolate. The ab- 
sence of veins, and the leaflets not being lohed, are the es- 
Mnlial characters of this genus. The leaves are thick, 
an uncommon trait in this tribe. The species figured is 
the Paehypttris lanceoiata, and is found in the inferior 
Oolite, (I ;;8.) 




152, Genus OYCLOiTERts, round fem,Lign. 16. Frond 
eimple and entire, and generally orbicular, or kidney-sha- 
ped ; veins numerous, equal and dichotomous, or forked, 
and radiating from the base. The essential distinction 
is the absence of a midrib or medial vein. Species, trie/to- 
Htanoides. Found in Oolite, (128.) 

153. Gienus Odontoptebis, toolhed fern, Lign. 16. 
Frond bipinnate, the leaflets adhering to the foot-stalks 
by the base, which is not contracted; veins equal, simple, 
dichotomous, arising from the rachis, or division of the foot- 
stalk; midrib none. In their general aspect, this genus 
reaembles some South American osmunda. Five species 
are known, all of which belong to the most ancient coal 
strata. Species, Schlotheimii. From coal -ah ale, Saxony. 



What of bipinm 
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164. Glenus Anohopteris, anomalous fern, Ligit. 17.— 
Frond deeply pinnated, leaflets very long, entire, linear; 
midrib distinct, and as long as the leaflet ; veins simple, 
perpendicular to the median vein, and extending to the 
margin of the leaflet. 




Leaves of large size, and p rob iibly belonged to an aAo- 
jMcent fern. Species, moug'eodt. From new red sandatonc^ 
(132.) A portion is magnified Xo stow v\ie ^n.cu&GiB.x.Sm. 
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■"ISS. Gienus PBcap^raiis, embroidered /em, Lign. 18. 
Frond once, twice, w thrice pinnated ; leaflets adhering 
by the base to the mchis ; traversed by a strong midrib, 
which reaches the apex; veins once or twice dichoto- 
mous ; and nearly perpendicular to the median vein. The 
species here ligitred is once pinnated. It is the species 
lowhitica, and 'is from the coal-shale, Fiance. 

This genua embraces by far the greatest proportion of 
the ferns, which have contributed to the formation of coal 
in all countries. The originals of many species were un- 
doubtedly arborescent, aod attained a very large size. 
Some fronds have been found, which were four feet wide, 
and of proportionate length. More than one hundred spe- 
cies have been determined. The species have been found 
in America and England, as well as in France. 

156. Genus Lobchopteris, spear-leafed fern, Lign. 19. 
Leaves many times pinnated ; leaflets more or less adhe- 
rent to each other at the base, and traversed by a midrib; 
secondary veins reticulated. Only a small portion of the 
frond is here tiguied. Species, ManteUii. Found in thW 
Wealden, (137.) This speoiea seems to be a itrj^^i- 
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cate plant; for although inUicationB of its presence ate 
very general throiighoul the fine micaceous grita, and 
even the clays of Wcalden, a perfect leaf ia of rare occur- 
rence, llie upper figuiea are magnified leaflets, to show 
the rettculal' 




157. Genus Clathroptbrjs, latticed fern, Lign. 
Frond deeply pinnatified, or cut into wings ; leaBelB' 
gated ; midrib extending to the ape^ ; veins simple, par 
nearly perpendicular to the midhb, united by trans 
bars, producing a quadrangular re'.icuiation. Sp 
iKeniacoides. From the Wealden the original frond 
one and a half feet long. 
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This genus waa instituted by M. Brongniart, to include 
some fronds from the shale of Hoer, in Scamia, which re- 
semble in structure, the foliage of the recent Polypodium 
^uercifolmm, ii native of the East hidies. 




158. The fronds of a great variety of fems, as already 
stated, are every where to be found in coal fields ; but 
on undoubted stem of any of this family is very rare. A 
few fossil stems, however, having all the characters of 
feceni species, have been found, and are ananged under 
the following genus : 

159. Genus CAui.oPTERis,yern stem, Lign. 21. Stem not 
ehtttineled, m;irked with discoidal oblong or ovate scars, 
Wanged longitudinally; vascular cicatrices numeroua. 
Species, macrodiscus. From the coal fields. 

The specimen figured is from the coal, and resembles 
fl>e trunks of the living fern trees in its proportions, and 
J" the number, disposition, and size of the scars of the 
Kaf-Btalks ; but these markings differ from the recent, in 
fhe more lanceolate form and pointed terminations, and 
'n their peculiarly striated surface. 



160. Name from SigilluTTi, a seal, which alludes ti 
■^ular, and often beautiful, imprints on the stem. 



id oS ibe vaiiety of Ibssil fcra it 
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Among the most commot), yet striking objects, say* 
Mr, Mantell, that arrest the attention of a person who 
visits a coal mine for the first time, and examines the 
numerous vegetable relics that are profusely dispersed 
among the heaps of slate, coal and shale, are long flat 
slabs, with their surfaces longitudinally fluted, and uni- 
fonnly ornamented with rows of deeply imprinted sym- 
metrical figures ; these are disposed with such perfect 
regularity, that the specimens are often supposed to be 
engraved stones, instead of natural productions. These 
fossils are the remains of the epidermis, rind or bark of the 
Blems of gigantic trees ; the regular imprints on the sur- 
face being the scars left by ihe separation of the leaf- 
stalks, as in the arborescent ferns just examined. The 
sigillaria are generally found lying in the horizontal posi- 
tion, and flattened by the superincumbent pressure ; but a 
remarkable instance in which fern stems were found 
standing upright, with their roots in the soil, apparently 
in the position in which they grew, was brought to light 
near Manchester, England, during the excavations for a. 

Whalilonii Ihe name SigiUaria nie«D? What is the appearance of ■ 
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railway. Their roots are branched, and spread out in the 
bed of impure coal in which they are implanted. The 
largest tree is eleven feet high and seven and a half feet in 
circumference at the base ; the others are smaller. All 
seem to have been broken off by violence, though no traces 
of their upper trunks or branches have been detected. So 
interesting has been this discovery, that the trees have 
been carefully preserved in their places, and plaster casts 
taken of them on a small scale, for sale to the curious. 

161. Size of the Sigillaria. — The stems of the Sigilla- 
ria vary in size, from a few inches to five feet in diameter, 
and in length, from five to sixty feet ; they gradually 
taper from the base to the summit. It appears that this 
tree, like the oak and chestnut, grew in every part of the 
world ; for besides being found in many parts of Europe, 
and in New Zealand, the most remarkable locality jet 
known is on this side the Atlantic. On the southern 
shore of the Bay of Fundy, in Nova Scotia, where the 
cliffs are about two hundred feet high, and composed of 
carboniferous strata, there are numerous trees, probably 
Sigillaria, standing in ten rows, one above the other, indi- 
cating, observes Mr. Lyell, repeated subsidences of the 
land, so as to allow the growth of ten successive forests. 

162. Cldss of the Sigillaria. — It has been difficult to 
decide, with respect to the structure of this tree, on ac- 
count of the destruction of its interior ; in most instances, 
the bark only showing signs of vegetation, all other parts 
being solid limestone. In a few instances, however, spe- 
cimens have shown medullary rays, and a coniferous 
structure, which makes it an exogenous or dicotyledo- 
nous tree. Of the Sigillaria, about forty species are 
known. 

163. Sigillaria Saulu, Lign 22. From coal near Man- 
chester, England. The full description already given of 
this genus, makes it unnecessary to be more particular with 
respect to this species. The carbonized bark, in large 
specimens, is often an inch thick, and being extremely 
brittle, flakes off at the least touch, leaving the inner sur- 
face exposed, the coal remaining only in the deep furrows 
and pits. The difference thus made is shown by the 



What is said of those uncovered near Manchester ? What is said of 
the 8ize of the Sig;illaria? To what class does this tree belong ? 



70 



iLLUirraATioNs op fossil botany. 



figiue, where the scars of ihe leaves, whence the tree re- 
ceived its mime, are left with the bark, while the dark 
portioQ is the inner surface, exposed hy the removal of the 
outer crust or Wrk 







164. I.ign.^3. Equally common with the Sigillnria, in 
every coal mine, is the spotli-d strm, or Stiginaria. These 
are cylindrical bodies, viirying' from a few ioches to 
several feet in length, and four or five inches in diameter. 
Their surfaces are covered with numerous pits, or areola, 
which are diisposeJ in quinruns order. These markings 
are oval, or circiilnr, and have a small elevation, or tuber- 
cle, in the middle of each depression. When broken 
across, a smiill cylindrical boily, or core, is found to extend 
longitudinally through the stem, hke a medullary coluirm. 
This core seldom occupies the centre, or axis, being sit- 
uated near one side, and opposite lo « groove, or channel, 
on the outer s\irface. This internal body is often loose, 
and may readily be removed ; its surface is covered with 
interrupted, irregular longitudinal ridges, which leave cor- 
reaponding depressions on the walls of the cavityin which 
it was contained. 

The ligiire represents a fragment with the characteis 
Hbiive described. It is the Stifntiaria fcoides. From the 




coal of Derbyshire. It is a portion of a Gtem, with some 
of the pwcesses funnerlv cooaidered leaves, estending into 
the swrrounding clay. The internal body ia seen ai a, also 
the corresponding groove on the portion of Bxtemal sur- 
face that remains, 

165. No organic relic found iti the coal mineB has ex- 
cited more curioBity and seientLfic atiention than this. 
Of course it was considered the atem of a tree, perhaps 
allied to the sigiUaria, and aeveml learned memoirs, with 
illu«rations,wete produced; some showing that it waa an 
esogenm, while others eontendeil thai it was an aquatic 
plant. Meaiiiirac', M. Brongniari, after a rareful esami- 
natioD of the beat apecimens that could he founil, came to 
the conclusion that it was not an aquatic, but the roots of 
the sigiUaria, and it appears more recently that some un- 
conunonly good specimens, found near Liverpool, have 
omfirmed* this decision. 



166. Sealy--trte.' — Stems cylindi'ical, covered lowaida 
their extremities with simple linear or lanceolate leaves, 
which are attached to elevated rhomboidul spots or pa- 
pill* ; papillffi marked on the upper part with large trans- 
wrea, iriangulat scars ; lower part of the atem destitute of 
iMVes, LigH. a represents a branch of this tree, from 
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the coal-shale, NevcaEtle. The small figure is one of the 
icars left hy the separation of a leaf of the natural size. 
It will be observed that the entile branch is covered with 
such acais. 




The scaly-tree is very abundant in most English coal 
mines, where some have been found nearly entire, from 
their roota to their upper branches. They were of vast 
size, one specimen being forty feet long and thirteen feet 
in circumference at the base, divided towards the summit 
into fifteen or twenty branches. The foliage of theu 
trecB consisted of simple linear leaves, spirally arranged 
around the stem, and appear to have been shed from ths 
attachment by age. 
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167. In their structure, external configuration, mode of 
ramification, and disposition of the leaves, these trees ac- 
cord so closely with the Lycopodiums^ that notwithstand- 
ing the disparity in size, M. Brongniart asserts that they 
must be considered as gigantic arborescent club-mosses. 
The lycopodiums of the present day, most of them, trail 
on the ground, and are well known as " Christmas greens," 
to make wreaths for the decoration of churches, &c. 
They are from a few inches to a foot or two high. 

F088IL 8E£DS. 

168. In many instances the seeds of extinct plants 
have been found, of course in a petrified state, but it is dif- 
ficult to determine to what vegetables they belong, being 
always detached, and usually found by themselves. 
Nothing remains by which their structure can be deter- 
nuned, their forms only being preserved. 

CA&OIOCARPON. 

169. Heart-shaped seeds. — Lign. 25. The seed-vessela 
^1% represented are found in sandstone and coal-shale, in 
the midst of fossil plants, but grouped together in various 
numbers, from five to twenty. They evidently grew 

UGN. 25. 




Fossil seeds. 



together, forming what are called twin seeds. 1 a is mag- 
nified from the group 1, in order to show the surface b^ 
which it was attached to its other half Nothing is 
known of the trees to which these seeds belonged. 



What is said of fossil seeds ? 

7 
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170. We have already described this family (77) and 
illustrated its structure {Ling. 4 avd 5) ; but as remains 
of cone-bearing trees are found in geological strata in 
nearly ev(jry part of the world, and often in such quanti- 
ties and of siich sizes as to excite peculiar attention, the 
subject seems to claim some additional notice. 

Most of the wood of this genus found in the British 
mines appears to have been of the species araucaria, (80,) 
of which the celebrated Norfolk pine, one of the largest 
trees now growing, is a member. But one of the most ex- 
traordinary and interesting assemblages of these trees is 
that in the Isle of Portland, England, where an entire 
forest of pines appears to have been transformed into stone 
on the very spot on which it grew ; the Cycadeae still 
shooting up, as it were, between the trunks and roots of 
the trees, though changed into flint, extending into the 
bed of mold from which they originally derived their 
support. 

In the sands of the desert of Sahara in Egypt ; among 
the bones of the mammalia near the Himalaya mountains, 
and in the tertiary deposits of Virginia, drifted coniferouB 
wood, associated with Cycadeae, have been discovered. 
Trees of this family, of a highly interesting character, are 
also found in various parts of Aiistralia and Van Dieman's 
Land. In the latter country those trees of stone are de- 
scribed as standing erect to the height of several feet, in 
a bed of arid sand, apparently in the places where they 
grew ; their petrified stems and branches being scattered 
around them. So entirely do these trees of stone preserve 
their natural woody appearance, that one of the emigrants 
relates, among the extraordinary sights he witnessed in 
New Holland, the burning of trees to manure the grotmd. 

A still more extraordinary forest of petrified stumps 
is described by Rev. Mr. Clark, as existing in Austraha. 
Stumps of fossilized trees are seen projecting out of the 
ground, presenting the appearance of a forest in which the 
trees are all cut down to the same level. At the distance 
of some yards from the shore, a reef is formed by vertical 
rows of the petrified stems, which project above the surface 



What is said of the distribution of fossil pines ? What is said of the 
petrified forest of Australia? How is this accounted for? 
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of the water. Those on the land stand generally about 
three or four feet above the surface, and are from two to 
six feet in diameter. The wood is silicified, and veins of 
chalcedony traverse the substance of the trunks between 
the concentric rings and medullary rays. In several exam- 
ples, from sixty to one hundred and twenty annual rings 
were observable. As to any hypothesis of the means by 
which this forest was petrified, no remarks are offered ; but 
it is certain, that these trees must have been in a different 
situation, when this was effected ; for the atmosphere, or 
the waters of the ocean, never produce such changes. 
They must therefore have, at some period, been under the 
earth, perhaps by the subsidence of the ground on which 
they stood, and after being petrified, raised by volcanic 
force to their present situation. 

FOSSIL PALMS. 

171. This family at the present day are exclusively 
natives of intertropical climates, and are remarkable for 
their elegant forms and striking aspects. The Date, 
Cocoa-nut, Talipot, Fan-palm and many others, are mem- 
bers of this large and magnificent genus. They have a 
single cylindrical stem, sometimes growing to the height 
of a large ship's mast, with a top spreading out hke a 
canopy, and sometimes consisting of leaves twenty feet 
long, and nearly as many wide. The trunks and even 
leaves of this family are found in the fossil state in various 
parts of the world. Dr. Buckland states, that stems of 
palms, beautifully silicified, occiu: in the tertiary deposits 
of Hungary. I'hey are also found in France, Italy and 
the West Indies. In England they occur in the oolite 
formations and in coal fields. Nor is the United States 
without her share of these tropical relics, a group of fossil 
palm-trees having been discovered and described by Dr. 
Owen^of New Harmony, in the stale of Indiana. It occurs 
in one of the upper members of the Illinois coal-fields, 
where from twenty to thirty trees were found, with their 
main roots attached and ramifying in the clay, and their 
stems in the coal and sandstone above, as if submerged 
on the spot where they originally grew. A carbonaceous 

What is said of the recent palms ? What is said of the distribution of 
fossil palms ? What locality is mentioned in this country ? 
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crust envelopes the trunks, which are covered with 
lozenge-shaped scars, having a transverse direction, and 
presenting a diversity of figures in the attachment of the 
petioles, which indicates at least three species of this 
genus. SiUimavkS Journal 1843. 

Change of Climate. — ^*'It is not surprising," says Dr. 
Buckland, ^to find the remains of palms in warm latitudes, 
where this family are now indigenous, as in Antigua and 
India ; hut their occurrence in the tertiary formations of 
Europe, (and we may say of North America also,) asso- 
ciated with the remains of crocodiles and tortoises, and 
with marine shells, nearly allied to forms which are at 
present foimd only in seas of a warm temperatinre, seems 
to indicate that the climate of Europe, during the tertiary 
period, was warmer than it is at present." 

FOB81L LEAVES. 

172. Palm-leaves occur in France, Switzerland and 
Tyrol, but differ materially from any living species. These 
leaves are said to be too well preserved to have endured 
transportation by water from a distant region, and must 
therefore be referred to extinct species, which in the ter- 
tiary period were indigenous in Europe. 

Foliage of Dicotyledonous plants. — These are of fre- 
qiienl occurrence in the tertiary marls and limestones of 
England, and are sometimes abundant, and in good pre- 
servation. But more perfect examples occur in the tertiary 
strata near Pavia in Italy. These leaves belong to several 
genera of ligneous dicotyledons, and most of them to 
species which still grow in the vicinity. In some cases 
the substance of the leaf is changed into carbon, the 
structure being well preserved ; but, in general, sharp and 
well-defined imprints only are left on the stone, being 
exact copies of the outlines and larger veins of the origi- 
nals. They are found in a gypseous marl, of a cream 
color ; and from their perfect state, it is inferred that they 
were enveloped in the soft matrix, where they are found, 
soon after their fall, and were preserved by the rapid hard- 
ening of the strata. Lign. 26. It will be obvious from 
the figures that all these leaves are of species now grow- 
ing. No. 1, Poplar, Populus gr<Bca. 2, Maple, Acer, 3, 

Wh&i iiidicatioiu with respect to climate are inferred from this fad f 




EiogenooB 



Water-Bpike, Potamogeton. 4, Willow, Salix. 5, Cheat- 
nut, j^xnitu." From what haa been remarked heretofore, 
it is an exceedingly rare occiorrence to detect foBsil re- 
mains, either of animals or plants, of the species now living, 
though ^«n«n) of the ancient and present Flora are not 
unconuuon. 



173. The design of this book will not allow of a more 
extended account of fossil plants ; but before leaving the 
subject, we shall make a few remarks on the foregoing 
synopsis, and especially with respect to the geological 
periods of the ancient or Fossil Flora. 

What number of ipaeie> of tbuil pUoU u« kBOTmt 
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It appears from the catalogue of fossil vegetables, pub- 
lished by Mr. Morris in 1843. that in the British strata alone 
there had been discovered above six hundred species. 
Among these, only two of the grasses had been detected, 
these being of the genus Poo, a very common grass in 
most parts of the world. Possibly it may be owing to 
their diminutive size that so few of this tribe have oc- 
curred, though many ferns, little larger, are found in every 
coal mine. 

From the data hitherto obtained the most eminent 
botanists, Sternberg. Brongniart and Lindly, consider that 
the Floras of the ancient world would constitute three dis- 
tinct periods or epochs. 

First Epoch. — The first comprehends the earliest strata 
in which traces of vegetables appear, and includes the 
Carboniferous, (131.) The planU of this epoch, as we 
have already shown, consist of fuci, or sea-weeds, and 
other cellular tribes ; ferns of various kinds and in great 
abundance ; coniferous trees, related to species in warm 
chmates ; of palms and other monocotyledons ; gigantic 
lycopodia, or club-mosses ; and large trees of unknown 
tribes, as Sigillaria and Stigmaria, in profusion. In this 
Flora the tree ferns predominate, constituting nearly two- 
thirds of the whole known species, and the general type of 
the vegetation is analogous to that of tropical climates. 

Second Epoch. — This extends from the Saliferous or 
New Red, (130,) to the Chalk inclusive, and is char- 
acterized by the appearance of many species of the Cyca- 
deae, Zamiae, and Coniferae, while the proportions of the 
ferns are much less than in the preceding period, and the 
Lycopodiums, and Calamites of the Carboniferous strata, 
are absent. A Flora of these remains would be analogous 
to that of the coasts of New-Holland and the Cape of 
Good Hope. 

Third Epoch. — The third epoch is that of the Ter- 
tiary, (125,) in which the Dicotyledonous tribes appear 
in great numbers : the Cycadeae are very rare ; the ferns 
are comparatively few ; and the Coniferae more numerous. 
Palms and intertropical plants are found associated with 
the existing European forest trees, as the elm, willow, 



What Are the three epochs of fossil Botany ? What plants form the Floia 
of the first epoch ? Wliat of the second ? What of the thiid t 
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and chestnut, presenting in short the general features of 
a Flora of the present day. 

174. Absence of the grasses. — But we must not omit to 
notice a remarkable feature in the Floras of the secondary 
strata, namely the almost entire absence of the grasses^ or 
graminetB, which form so large a proportion of existing 
plants. It has been suggested, that the greater or lesser 
durability of the foliage of certain vegetables may have 
occasioned their presence or absence in the carboniferous 
deposits, and experiments have been instituted with the 
view of determining this question, as already stated, (100.) 
But though it was found that, when the foliage of various 
families of plants was subjected to long maceration, the 
leaves of the dicotyledons and grasses disappeared, while 
the ferns and cycadeae remained ; yet this experiment does 
not meet the exigences of the case. We have no evidence 
to show that the fossil leaves were ever placed in similar 
conditions ; on the contrary, there is reason to conclude 
that they were imbedded under circumstances that ar- 
rested the usual progress of decomposition, prevented the 
escape of the hydrogen and other gaseous elements, and 
gave rise to the bituminous fermentation by which they 
were converted into hgnite and coal. To these objections 
to Dr. Landly's experiment, made by Mr. Mantell, we will 
add from Count Sternberg, that there is no probabiUty that 
fossil plants were submerged in pure water, as in the ex- 
periment ; but, on the contrary, it is pretty certain that 
whether covered suddenly with earth, or not, they were at 
least thrown into water charged with mud, and perhaps 
also with lime, and that either might have been the means 
of their preservation. 

What formations mark the periods of these vegetable Epochs ? 




progreBB of Bepamlion. They are not lively, progrearivo 
animalu, bill are commonly stationaiy, perhaps at work 
building iheir cftses, of which to form mountains. The 
name Xnnthidium comes from the Greek lanzAic, yellowish, 
the color of the animal. A line being the f'j of an inch- 
the Htudent may gain some idea of the dimenaiona of the 
above species. 

No. 1. Xanlhidium fttrcatum, A of a line in diajneter. 
2. X. hirialtttn, jV of <Io. 3. X. aeuleatunt, jV do. 4, X. 
fascieuiatum, ji do. 5. A variety of the fascicutatvm. 

The above, being oi a globular form, it may be well to 
remark, that this is rarely the form of other species, these 
Kttle beings assuming all sorts of shapes, linear, triangular 
elliptical, iree-hke, hot tle-ahape(l,croaaed-joimed,&c., while 
some are ho entitety amorphous, as to be of no shape that 
words can exprctia. 

183. Dr. JiaiUi/'x account. — Professor Bailey, of West 
Point, aays, that the fresh-water infusoria, Meridion ver- 
nale, in aeen ir) immense quantities in the mountain biooks 
around West Point, tlie bottoms of which are covered in 
the first warm days of spring with a ferruginous-colored 
mucous mailer, about a quarter of an inch thick, which, 
on examination by the microscope, proves to be filled with 
millions and millions of these exquisitely beautiful sili- 
cious bodies. Every submerged stone, twig, and spear of 
gross, is enveloped by thein ; and the waving, plume-like 
appearance of a filamentous body, covered in this manner, 
is often extremely elegant. Alcohol completely dissolves 

n of infoHna i What mti Di. Bailaj 
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Beasts of the field. The animals known in the fossil 
state are estimated at less than ten thousand. These 
embrace all the different classes or families named above ; 
and so universal has been the destruction or burial of the 
classes and orders, during the turmoil which the ancient 
earth has suffered, that most of the classes and families, 
and many of the genera now known, are represented by 
their fossil analogues, disinterred from the crust of the 
earth ; and by the perseverance and ingenuity of man, 
described, classed and named, so as to be known and rec- 
ognized by those conversant with the subject. 

177. We know not, however, but some whole families, 
of which we know nothing, have been entirely destroyed 
by the catastrophe of the former world ; nor can we say, 
at present, but representatives of all the bving species now 
existing will ultimately be discovered in the fossil state ; 
for as yet we know comparatively very httle of what the 
earth contains. It is certain, however, that some fami- 
lies of colossal animals, both of the land and sea, have 
become entirely extinct, and of which no examples of even 
their orders are now living ; such as the Plesiosaurus, 
the Megatherium and others. 

178. Order of Arrangement. — Our illustrations and de- 
scriptions will commence with the minutest organic exist- 
ences, and proceed in an ascending scale to the more per- 
fect animals, in accordance with the following zoological 
order. 

AftKANGEMENT OF fORSIL ANIMALS. 

L Infusoria, Animalcules, little animals. 

This section embraces, not only the remains of Animal- 
cules, but also the relics of other minute beings asso- 
ciated with them, and which cannot be investigated 
without the aid of the microscope. These are called 
Infusoria^ because the infusion oi almost any vegetable, 
as a handful of leaves in a cup of water in warm weather, 
brings them into action. Stagnant water, into which 
leaves have fallen, always contains them. 

n. Zoophytes, Animal plants, including — 

1. Amorphozoa, irregular formSy as the Sponges. 

2. PoLTPARiA, Marvy footed^ as the Coral animals. 



What is the number of recent animal species ? What is the nomber of 
fossil iq>ecies ? Is it certain we shall not discover examples of all the xe- 
eeot species ? Wlrjr ? 



inTisible to the naked eye, will be conveniently examined 
in this place. These are the Polythalamia, {rnany-eham- 
bered shells,) and the Foraminifera, {amered with pores.) 

In peat bogs and swamps, maases of a. whitish paste tx 
sand may often be observed; also, on the borders of stag- 
nant pools, after being partly dried by the Bun, there com- 
monly remains, in the dark, hardened mud, gamins of white 
sand. In either case, if thia Band be placed under the 
microscope, it will be found to consist of the remains of 
infusoria, of many forms and species. 

186. Infusorial Mart of Richmond. — The town of Rich- 
mond, in Virginia, is built on strata of silicious marls, of 
considerable extent and thickness. This formation Prof. 
Rogers refers to the older tertiary period. It occujnes a 
wide, sandy and sterile disirict, rendered so by its silicious 
surface, there being little nourishment for vegetation, 
except what is supplied by art. This sandy soil Prof 
Bailey has shown to consist of the remains of seveiul spe- 
cies of infusoria, represenled by Lign. 28, highly mag- 
nified. 




Pig. 1. Navicula. la, a side view of the same. 2. Cot- 
einodiseus radiatus, a portion of the circulai shield. 8. 



WhtX ii m'd of the infa»: 



in the nitA tA '9i£caititi^ 
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GaiSonetta sulcata. The upper figure shows ihe Tace of 
one of the joints, or iiiiiiuitlculcs, and 3a. three of the same 
QDJted. 4, AetiKocj/clas. 5, Another species of the same, 
6. CosciHodiscus. 6o, front view. 

The most rem.eLrkable and curious forms are saucer- 
shaped sheila or disks, having their surfaces elaborately 
ornamented with henagonal spots, disposed in curves, pre- 
senting some lEsemblance to the engine-iumed cose of a 
watch- No. 'i is a small sectiou of such a shell, very 
highly magnified. These cases or disks vary in size, from 
T»B to Tifti of an inch m diameter. 

When a few grains of this marl are prepared, and 
mounted on a glass, almost all these varieties will be mani- 
fest, so largely is this earth composed of the skeletons of 
these animals. Li fact, very few inorganic particles are 
mixed with these organic remains. 



187. M, Ehrenberg has demonstrated that a cubic inch 
of chalk may contain at least one million of well-preserved 
animalcules and shells. The larger species of these may 
be obtained by bmshing the chalk into cold water; hut 
the microscopic forms remain a long lime suspended in 
the water, and can only he oblaineil by a pecuhar process. 

"Chalk, therefore," says Mr. Mantel!, "must be regarded 
as an aggregate of exceedingly minute oi^anisms, and of 
inorgatiic particles. The aofl yellow chalk of the north of 
Europe, is composed of abiTut one-half its bulk of fossil 
bodies ; but in that of the south of Europe, the organic re- 
mains largely predominate." 

The most abundant animal remains in chalk, are two 
kinds of Polylkalamia, called Rotalia and Textularia. It 
must not, however, be understood that these remains can 
be seen in abundance, even with a good microscope, withv 
out careful preparation, and considerable experience in the 
use of the instrument; for the observer will sometimes see 
millions of atoms with few entire animal remains. 

188. The genus Polythalamia, [tnany-ehambered,) con- 
tains a considerable number of species; init in the follow- 
ing Lignograph, we have followed our guide in inserting 
several of the most curious and interesting figures among 
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is the result. The quarter-inch object-glass, and a cor- 
responding eye-piece, were then substituted, and by the 
adoption of a camera lucida, figs. 4, 5 and 6 were delin- 
eated. Fig. 5 proved^to be a new species, and has there- 
fore been named after the discoverer, Xanthidium ReginF 
aldi. Fig. 4, X. ramosttm. Fig. 6. a variety of X. ramosum " 

MICROSCOPIC EXAMINATIONS OF CHALK AND FLINT. 

189. The following method is that of Ehrenberg: Place 
a drop of water on a plate of thin glass, and put into it as 
much scrai^ed chalk as will cover the point of a knife, 
spreading it out, and leaving it to rest for a few seconds; 
then withdraw the finest particles, which are suspended 
in the water, together with most of the liquid, and let the 
remainder become perfectly dry. Cover this dried spot of 
chalk with Canada balsam, (the turpentine of Abies bed- 
samea,) and hold the plate of glass over the flame of a 
lamp, until the balsam becomes slightly fluid, but without 
froth or air-bubbles ; it should be maintained in this posi- 
tion, the glass being kept as hot as the fingers will bear, 
for a few minutes, until the balsam is found to have 
thoroughly permeated the substance to be examined. It 
is preferable to place a piece of thin glass upon the bal- 
sam, and gently press it down, and allow it to remain. 
(Glass for this purpose may be purchased in London, only 
yJu of an inch thick.) The best flattened crown-glass 
should be used to place the chalk or other objects on. It 
is convenient to have the slips of glass of one size, or the 
specimens will require different boxes for their reception ; 
three niches by one inch, is that usually employed. 
These objects require to be viewed with a magnifying 
power three liundred times linear, that is, in diameter; and 
if the process has been properly conducted, it will be seen 
that the chalk is chiefly composed of well-preserved or- 
ganisms. In these preparations, all the cells of the Poly- 
thalamia appear at first black, with a white central spot, 
which is caused by the air contained in those cavities ; for 
air bubbles always appear under water as black annular 
bodies ; but by degrees, the balsam penetrates into all the 
single cells, the black rings of the air vesicles disappear, 
and the structure of the originals is beautifully displayed. 
M. C. 245. 
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CHAPTER XVI. 



FOSSIL POLYPA&IA. 



190. Tttsliyine forms whiehcom€ under this order, some 
of which are of the very lowest creations of animated be- 
ings, are almost innumerable. The term Polyparia, signi- 
fjing animal plantSjindicdiies that these are the links which 
connect the animal and the vegetable kingdoms. Some 
of the tribes, as the hydra, have the power of moving in 
the water by elongating and contracting their bodies and 
tentacula ; while others, as the sponges and corals, are 
fixed, and have not the power of locomotion. (A more 
particular accoimt of these animals is contained in the 
first part of the author's Physiology.) The hydras, being 
soft animals, and building no silicious habitations, have 
no fossil remains; but the sponges and corals are not 
unfrequently found petrified. One species, in particular, of 
the former, of large size, being twelve or fourteen inches 
in length, and spreading into nmnerous branches, occurs 
in this state. Such masses are called Spongites, that is, 
sponge stonesj and many of them belong to species now 
growing. 

The coral polyparia are groups of polypes, permanently 
united at the base, and arranged side by side, each hav- 
ing an individual existence. A common support or skel- 
eton is secreted by the united action of the group, and 
which varies in its consistence from a gelatinous, or homy 
material, to a calcareous frame-work, that remains when 
the animals or polypi die, and their soft parts decompose. 
The basis or skeleton of these groups is termed polypidom^ 
{polype-Jiouse^) and those left of a stony hardness, are 
famiharly known as corals; the name, therefore, refers to 
the durable remains of the polypi, and not to the animals 
themselves. 

191. It maybe well to notice here a prevailing error, 
in regard to the mode in which the substances called co- 
rals are produced. It is generally supposed that corals, 

What does polyparia signify ? Of what order of creation are they 7 
What are the corai polyparia ? 
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particularly those covered by stars and cells, ha¥e been 
constructed by the polypes, in the same manner as the 
honey-comb is by the bee ; and the expressions, often em- 
ployed by naturalists, of ^the coral animalcules building 
up their rocky habitations," and ^constructing their cells 
in a particular manner," have contributed to perpetuate the 
error. But the cases are in no respect similar; the bee, 
under the guidance of an unerring instinct, resulting from 
its peculiar organization, does mechanically ccmstruct its 
cells ; but the polype is incapable of forming, or even modi- 
fying its support or cell, in the slightest degree. The 
frame-work or skeleton is secreted by the animal tissues, 
in the same manner as are the bones and other parts in 
the higher order of animals, without the individual being 
conscious of the process. If a piece of white coxal be im- 
mersed in dilute hydrochloric acid, the calcareous portion 
will be removed, and the secreting membrane, in the fcnrm 
of a flocculent substance, be seen attached to the undis- 
solved part ; and even in some coralline marbles, although 
of incalculable antiquity, the animal matter may in like 
mamKT be de: acted. M. C. 271. 

192. Genus Astrea, {star-like corals.) Description. — 
Polyparium massive, irregular in shape or globular, formed 
by an aggregation of laminated, radiated, shallow poly- 
morphous cells. 

I'he species of this genus are among the most niuner- 
ous of the corals of the ooUte, and the older secondary 
formations ; and with several other genera, form those co- 
ralline beds, often many feet in thickness, which pervade 
some of the strata, and are in fact coral reefs, that have 
accumulated beneath the sea, in the places they now oc- 
cupy. Some specimens ^f the Astrea are remarkably 
beautiful, being composed of five or six-sided figures, from 
the centres of which the stellate rays all diverge. 

Lign. 31. Fig. 1. Astrea ananis, Devonshire. Fig. la, a 
polished slice of marble of the same species. Fig. 2. Sy- 
ringopora ramulosa, Devonshire. Fig. 3, a fragment of Feny- 
osites gothlandica, Ohio, by Dr. Owen. Fig. 4. Anthophyl- 
lum Atlanticum, United States, by Dr. Morton. Fig. 5. 
Caryophyllia annuUaris, oolite. 

There are perhaps hundreds of varieties of fossil corals, 

What is the error about the constiuctvoiv o( ooials? 




^TWw of which, when polished, form remarkably beautiful 
"Bpecimena, They are mostly calcareous peirifacliooa, 
though Bometimea siliciouB. Mr, Mantell deacribea one 
from Wiltshire, found in large hemispherical masses, com- 
pletely silicified, a transverse section of which displaya, 
in some specimens, beautiful white radiated stars, on a 
dark-blue ground; and in others, the colors of the stars 
and ground are reversed, the stars being blue and the 
ground white. 



193. We have more than once remarked, in the forego- 
ing pages, that the lowest orders of animal exiatenceB 
were found in ihe lowest, or oldest formations. Thua, the 
estinct polyparia,are none of them found in a recent strata, 
but all in the earliest geological periods in which there 
are any signs of vitality. 

About three hundred and fifty species of this family are 

S"'"""'T«ted in Morris' Catalogue of British organic re- 
These being all found in ihw, co\i,t\IT^ ■wS.v'rcmX 
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reference to those at present known and named in France, 
Germany, Italy, America and other countries, this number 
itself is sufficient to indicate that a much greater aggre- 
gate of names could at the present time be exhibited. 
And yet little comparatively is known of the whole num- 
ber of genera and species, which will hereafter be discov- 
ered and named, as the necessary labors of man progress 
in excavating the same formations in different parts of the 
earth, in which they are known to exist in England. 

The tertiary formations contain the sponges, and a few 
species of corals not contained in the secondary; while 
the secondary, immediately preceding the cretaceous for- 
mations, namely, the lias and oolite, contain vast num- 
bers of zoophytes, of nearly every family known. The 
corals and shells are all of extinct species ; of these, the 
ooUte have yielded about two hundred species. In the 
Silurian rocks, entire beds, composed almost exclusively of 
polyparia, and of considerable extent, are found ; and in the 
same strata in this country, the same description of coral- 
line marbles exist. This would seem to prove that a 
more equal temperature prevailed on the earth at that ge- 
ological period, than at the present time, when these poly- 
paria exist only in tropical climates. It is said that the 
reef-forming genera are now confined to waters where the 
temperature is not below 70<^, and that their most prolific 
development is where the temperature is not below 75*^. 

COLLECTING FOSSIL ZOOPHYTES, 

194. The minute corals of the chalk are to be obtained 
by the same process as that directed for the infuso- 
ria. The large examples should be left attached to a 
piece of chalk, or the material in which it is found, when 
practicable, and the surrounding stone removed with a 
knife or graver, so as to expose as much as possible of 
fossil, without loosening its attachment to the block. 
When the investing chalk is very hard, frequently pen- 
ciling the specimen with vinegar, or dilute hydro-chlo- 
ric acid, will soften the stone, and render its removal 
easy, by means of a soft brush ; when acid is employed, 
the specimen must afterwards be well washed in cold 
water. It may, perhaps, be well to caution the collector 
against employing sulphuric acid for this piurpose ; for a 
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white insoluble deposit, sulphate of lime, will thus be 
formed on the specimen, which cannot be washed off and 
thus it will be nearly ruined. 



CHAPTER XVII. 



LILY-SBAPED ANIMALS, STAR-FISH, SEA-URCHINS. 

195. The term Echinoderma^ {spiny-skin,) is applied to 
this class, consisting of three families, viz. : the Crinoidea, 
or stone-lilies, as they are called ; the Stelleridae, or the 
star-fishes, and the Echinidse, or sea-urchins. 

Tiie star-fish, and the sea-urchins, are well known, and 
quite popular living famiUes, there being hardly a col- 
lector with a dozen specimens on his shelf, where more or 
less of these tribes are not to be seen. The lily animals, 
on the contrary, are mostly an extinct race, there being, it 
is said, only two representatives of the family in the living 
state. These are the Caput Medusa and the Comalula, 
both of the West Indies. 

Genus Crinoidea. — This includes the whole family of 
hly-like animals, which is however divided into several 
species, or varieties. The fossil remains of the Crinoids 
consist of the ossicula, or httle bones of the column, arms 
or tentacula ; of the plates of the receptacle ; and of the 
foot-stalk or stem by which it was permanently fixed to 
the rock in the sea. The foot-stalk is in some instances 
flat, and expanded like the gorgonia, or sea-fan ; in others 
it is round, consisting of hundreds of little circular bones, 
laid one on the other, and fastened together by a mem- 
brane, allowing motion in all directions, like the spine of a 
snake. In other varieties, this part is pentagonal, or five- 
sided, and hence this variety has the name of Pentacrinite, 
(In Dr. Buckland's Bridgewater Geology, this family has 
had much attention bestowed upoii it, many of the varie- 
ties, with the forms of the ossicula and of their stems, 
being figured and described.) 

The detached bones, and portions of the stems, are so 
common in some of the English lime-stone quarries that 
the little round bones are well known among the people 
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under tlie name of whetl-sloties. In the north of England 
they ale caMeA fairy-stones and St. Cuihi/ert's beads. 

196. Enerinite. — The generic names of this family ter- 
minate with crinites {stone-lily). Thus, the pentaerinite 
means liTe-sided stone-lily, in allusion to its tive-sided stem. 
^liocrinites, pear-shaped, in allusion to the pyrifonn head. 
Tne lerm fonnerly employed for the whole family, and 
before the species were distinguished by different names, is 
still retained, and applied to that viiriety which moat re- 
sembles a lily, or tulip, viz. : Encrinite, at Eiicrinus, which 
is the true lily-form variety. This ia represented by Fig. I , 
Lign. 32, nod is remarkable for the elegance of its fono, and 
the fine state of preservation in which it ia oflen found. The 
specific name is Encrinus liliformis. The column or stem 





is composed of numerous perforated, round, flat-joints, ar 
ticulaled by a radiated or grooved surface, the oasictila, 
of which the whole is dbmposed, being alternately Ituger 
and smaller, thus allowing great freedom of motion. T^ii 
variety is found in abundance in various places in Eng- 
land, OB well as on the continent, and in this country. 

Apioerinites rolundus, or pear-encrinite, Fig. 2, abounda 
in the limestones and clays of the oolite, in variou* pwU 
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gland. It is also found on the 
state of Ohio. The column or etem of this species is 
composed of round, even, oaaicula, or articvUationa with 
radiated surfaces, and an opening or perforation through 
ihe centre. The anna of ihiB apccimen are broken off, 
as is nearly always the case in this variety. 

With respect to the habits of these animals, they were 
all attached to atones at the bottom of the sea, and there- 
fore could extend their motion in every direction to the 
length of the column or stem, and no further. This prob- 
ably varied from a few inches to a foot or two. The 
arme, represented as closed in fig. I, are composeil of little 
boaea, or oaaicula, like the stem, and indeed all the other 
pEirla. These the animal had the power of spreading out 
like a star, for the purpose of grasping its food, and bring- 
ing it to the mouth, which was situated in the centre, or 
at the base of this curious apparatus. When one of the 
arms or tentaciUa were broken off, it appears that the 
animal had, like the lobster and crab, the power of repro- 
ducing it. Thus, many instances have occurred, where 
theae paita were in the procesa of reproduction, presenting 
a small short arm, instead of the full-sized like the others. 

The number of bonea of which the lily-encrinite was 
compoaedand which formed the great bulk of the animal, 
amounted to many thousands. Mr. Parkinson {Or^am'c 
Rtmaias) had the curiosity to count them tn a specimen, 
in a superior state of preservation, and found the number 
at least twenty-aix thousand. 

197. Says Dr. Bucklaod, {Bridgewalrr Treatise,) " The 
physiological history of the family of the Encrinitea is 
very important; their species were nmnerous among the 
most ancient ordera of created beings ; in this early state, 
their construction exhibits at least an equalj if not a 
higher degree of perfection, than is retained m existing 
^ q>eciea of Penlacrinitea ; (Caput Medusa and Coraatula) ; 
and although the place which, as Zoophytes, they occu- 
pied in the animal kingdom, was^w, yet they were con- 
structed with a perfect adaptatioiffo their low estate, and 
in this primeval perfection they afford an example at va- 
riance with the doctrine of the progression of animal life, 
from simple rudimenta, through a series of gradually im- 
proving and more perfect forma, to its fullest development 
Mi i^HtJng. ^lecies." 
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198. Star-Fishes. — The star-fish, popularly so called, 
are very common along the sea shores in all parts of our 
country. The common species have five rays, with a 
groove on the unrler side, along which are perforations, 
and through them are protruded or retracted small tubular 
tentacula. The mouth is situated in the centre of the 
under surface. They are rough on the upper side, with 
small tubercles, containing pores. Their color is brown 
or reddish ; their motions slow, and their appearance dis- 
agreeable. There are several species, all of which have 
their rays elongated, so as far to excel in length the diam- 
eter of the dit^.k. Some of the fossils of this family are 
formed very nearly like the recent species above described, 
while others consist of five angles, or projections, with a 
large disk, the whole hardly amounting to the stellate 
form. 

199. Grenus Goniaster, ( Cushion-star.) — The star-fishes 
of this genus are of a pentagonal form, and bordered with 
marginal plates. There are some recent examples of this 
family which are beset with spines, though no traces of 
them can be detected in the fossils. The frame of the 
cushion star-fish is composed of ossicula, many of which 
are often found in the chalk formations. 

200. Fossil EcmNiDA, or Sea-urchins. — The relics of 
this family are among the most familiar objects known as 
petrifactions. Their enveloping cases or crusts are of 
considerable durabihty, and hence have served as molds, 
into which flint, calcareous spar, or other mineral sub- 
stances, when in a dissolved state, have percolated, and 
upon consolidation have fonned sharp enduring casts, ex- 
hibiting the forms of the plates of which the shell was 
composed, the disposition of the pores, &c., thus forming a 
very perfect cast of the interior of the whole. 

The common Echinus of our sea coasts, called sea-egg, 
or sea-urchin, presents the usual characters of the fossil 
species. 

The globular shell q£ some species is composed of nu- 
merous calcareous plates, exquisitely put together, and ar- 
ranged in elegant patterns ; appearing hke the lines of 
the meridian on an artificial globe. The plates are dis- 
posed in vertical series, united by finely serrated sutures, 
forming five-sided figures. The plates are ornamented 
with tubercles, between w\iic\i aie \m^ft oi v^x^^^ qx e.^t- 



», by which ihe animal protruded its feet or lenlacula. 
The tubercLea vary iu size, from mere grains to large 
mainmillaied protuberences. To these the spines are or 
■were attached by exceedingly fine muscles, thus forming 
the baU and socket, or universal joint. Iu some varietlea 
there paseed a ligament from the ball Co the centre of the 
socket, as in the human thigh bone. It is very difficult 
to obtaifi even recent specimens with all the spines at- 
tached. Whether the animal has the power of throwing 
off, or disjointing these arms, like the crab and lobster, we 
know not ; but it is rate, even in the most numerous collec- 
tions, to see a perfect specimen, that ia, one with all its 
spineB m their places. 

The spines or arms are the organs of loco-motion in all 
this family, and with which they not only contrive to 
move with comparative celerity, but also to bury them- 
selves in ihe sand ; and it is probably owing to the latter 
circumstance, that such numbers of them are found in bo 
perfect a stale. The forms of theae organs vary much in 
ihe difierent species, being in some, thin, long and pointed, 
like needles j in others thick, with blunt points, and in 
others elongated ellipses, their outlines resembling paddles. 
The orders and species of this great family are bo numer- 
ous and interesting, that treatises of considerable length 
have been occupied in theii illustrations and deBcriptions ; 
and at the present time M. Agossiz, of Switzerland, is 
preparing a work on the " Recent and Fossil EchinidsE." 

aOl. Genus CniAius, Turbaa echinus. — This includes 
the globular, depresseij, and spherical species, having the 
mouth in the centre below, with an nutlet opposile, on the 
summit. The shell is coaipoaod of twenty vertical series 
of plates, the ambulacra, or porous grooves, forming con- 
tinuous bands from the summit to the mouth, which is 
armed with five angular teeth. This group comprises 
many of the most elegant fossil species, some of which, 
from their shape and beautifully ornamented surfaces, are 
called ■' fairy night-caps" and S^rbftua." The genus 
varies, from an inch to two or three inches in diameter, 
and we regret that our hmits will not allow figures of a 
few of the varieties. They occur in the oolite and chalk 
formations. 

20A Genua GAi^HiTES,(cai)-«/i(7/ie(i.) — This genua is only 
■ ' '^ifgseil stale. Thespeciea ate'kno-sJt\'\i^ \V«li 
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I^ularly circular, or polygonal shell, vhich is flat bebir 
•nd conical above, and formed of diBaimilar plates, coveied 
with minule tubercles. The ambulacra, or ^roovee of 
pores, are narrow, and vary in number from four to six n 
the diffia^nt species ; ihej pass from the simimit to tlw 
moutfa. The species of this genus are vei; numemus, 
and in some chalk formations are found in inciedible nmo- 
bers. Sometimes the specimens obtained from chalk an 
filled with flint, and these, when the shell which remaina 
outside is dissolved in hydrochloric acid, afford exquisite 
caste. By this means, the f<mn of the plates, and casta 
of the minutest pores, are stereotyped on the remaining 
silex, giving imperishable and exact repreflentatioos of 
the inside of the shell 




The GaUrites castanra ik represented by Lign. 33, Fig. 
1, showing the form of the shell, being flat below and 
conical towards the apex. Fig. 2, shows the conical part 
of the shell, viewed from above, showing the rows of am- 
bulacra, passing from the summit to the base or mouth. 
Fig. 3, the base, showing the pentagonal mouth, and the 
vent in the margin. 

The Echinites, unlike the fixed Encrinites, have a pro- 
gressive motion through the water, which they efiect by 
the rapid motion of their anus ot s^ti««. "Wxi^i xihnw^ 
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£ch ill some speciea amount to a great number, they 
rise or sink at pleasure ; and as they have a motion in all 
directions, white thoy employ some ae oars, others can be 
used in catching food, and conveying it to their mouths, 
hi some respects thej are among the lowest orders of ani- 
mal esiatences, but in others they are wonderfully made, 
having apparently the most perfect adaptation to their 
modes of hfe, and the means by which they subsist. 



203. In searching for fossil Crinoideana, the receptacle 
or head should be the principal object ; and if only de- 
tached plaies can be found, their natural position should 
be carefully noted, and the specimens glued to a card or 
board in that order ; and some of the osaicula of the arma, 
or stem, if found, be placed with them. 

The stmr-Jinhex are bo simple in form and structure, that 
it is hardly necessary to offer any suggestions for their de- 
velopment ; of course, the more perfect ihey can be ob- 
tained, the better, and to do this, they must not be removed 
from the alone. 

In collecting the Echinides, much caution is required, 
especially in diaseclJng specimens aurroimded by spines. 
If imbedded in hard limestone, or in laminated clay, it is 
hardly passible to succeed ; but it often happens that the 
Cidarites of the oolite are attached by the base to the 
sohd limestone, while the body, with the spines, is imbedded 
in clay, or in the sandy fciable, aggregate, not difficult of 
removal. The chalk Echini wilL be found to possess 
spines more frequently than could be supposed, if care be 
taken to explore the sunounding stone before it is re- 
moved. Sometimes the Cidarites, with spines may be ob- 
tained, when there was no manifest evidence of these 
appendages, by carefully scraping away the surrounding 
mass until the extremity of a spine appears, and the trac- 
ing it to the body of the shell. The chalk around the 
situation of the mouth, should always be carefully re- 
moved, in hope of preserving the teeth. 

As the shells of Echinides, when hollow, are often lined 
with crystals, il is beat to break inditferenl specinjena of 
' lomuion species, in hope of discovering such examples. 
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CHAPTER XVIII. 

DISTRIBUTION AND GROWTH OF TBSTACEA. 

204. The Testacea are molluscous, or soft-bodied ani- 
mals, having a hard or shelly covering, as the snailsi 
oysters, clams, &c. 

Geoorraphiced distribution of the Testacea. — ^ The tes- 
tacea," says Mr. Lyell, " of which so great a variety of 
species occurs in the sea, are a class of animals of peculiar 
importance to the geologist ; because their remains are 
found in strata of all ages, and generally in a higher state 
of preservation than those of other organic beings. Climate 
has a decided influence on the geographical distribution of 
species in this class ; but as there is much greater uniform- 
ity of temperature in the waters of the ocean, than in the 
atmosphere which invests the land, the diiiusion of many 
marine mollusca is extensive. 

205. Great range of some species. — Some few species of 
this family are found at immense distances from each 
other, and no doubt exist in all the intervening spaces. 
Thus the Cypraamoneta or money shell, which is used in 
some parts of India instead of coin, is found in the Medi- 
terranean, in South Africa, the Isle of France, the East 
Indies, in China, the South Seas, and even as far west aa 
the Sandwich Islands. The Turbo petracus also inhabits 
the seas of England, Guadaloupe, and the Cape of Good 
Hope. This would seem to show that there are some 
species of testacea, as in plants and some of the higher 
orders of animals, which have the power of enduring a 
wide range of temperature. Thus, the willows are found 
from the banks of the Jordan to Siberia ; and the rat and 
fox inhabit nearly every part of the earth. 

206. Confined range of others. — Mr. Lowe enumerates 
seventy-one species of land mollusca, collected by him in 
the islands of Maderia and Porto Santo, sixty of which 
belonged to the genus Helix {snail,) of which forty-four 
are new species. It is remarkable, that very few of the 
above genera are common about the Canaries, and still 
more so, that of sixty species, thirty-one are natives of 
Porto Santo; whereas in Madeira, which contsdns ten 
times the superficies, were found but twenty-nine. Of 
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e only foui were common to the two islands, though 
Beparated onlj twelve miles apart. 

The confined mnge of these mollitsca may be easily ex- 
plained, if we admit that species have only one binh-place; 
and the only problem to be solved would relate to the ex- 
ceptions — to accomit for the dissemination of some species 
of land mollusca throughout the European continent 
May not the eggs, when washed into the sea hy the un- 
dermining of chi&, or blown by a etonn from the land, 
float uninjured to a distant shore ? 

207. Their mode of diffusion. — N'ot withstanding the 
proverbially slow motion of snails and mollusca in gen- 
eral, and although many aquatic species adhere constcintly 
to the same rock for iheic whole hves, they aje, many of 
ibem, by no means destitute of proviaiona for diBseminaling 
themselves, rapidly, over a wide area. Some lay their 
eggs in asponge-hke nidus, wherein the young remain en- 
veloped for a time after their birth ; and this buoyant sub- 
stance Soats far and wide as readily as sea-weed. In rivers 
and lakes, on the other hand, aquatic univalves usually 
attach their eggs to leaves and sticks, which have fallen 
into the water, and which are liable to be swept away dur- 
ing floods. Particular species may thus migrate during a 
single season from the head waters of the Mississippi, or 
any other great river, to the comitries bordering the sea, at 
the distance of many thousand miles. Lyeil, Princp. iii. 
p. 145. 



208. Shells may be defined to be hard bodies, which 
Bie formed by secretion, by the soft, inarlicidale animals 
which inhabit them. It is said by Mr. Gray, of the British 
Museum, who has written a memoir on this subject, that 
the animal, shortly after it is formed in the egg, begins to 
construct its shell ; and, when hatched, deposits on the 
edge of the mouth of the minute shell which covered its 
body in the egg, a small portion of mucous secretion. This 
mucus soon grows hard, when the animal hues it with a. 
fresh layer, composed of mucous matter, mixed with cal- 
careous particles; and when this deposit becomes hard, it 
is again lined with the same kmd of composition as before. 
TJiia alternate deposition of mucus, and of mucus nSzed 
^^S^ .calcareous /KUticles, proceeda as the iei^%'cil eYAax^«», 

i-_ 
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and requires more ample cover and protection, until its 
habitation is complete, and suited to the wants and station 
of the occupant. The shell is, in truth, molded on the 
body of the animal, as it increases in size, forming a cover, 
a dwelling, a coat of mail, a shed, a boat, a ship, or & 
palace of pearl, as is best adapted to the exigences of the 
case, or the station of the builder in the scale of creation. 
The inequahties or irregularities of the body itself are also 
reproduced by corresponding protuberances on the outside 
of the shell ; so that the elevations, depressions, fissures, 
tubercles, or spines, which distinguish individual species, 
may be considered only as the effects of corresponding 
projections in the form of the animal, or perhaps of its 
protruding tentacula. 

209. Among the instructive and interesting facts shown 
by a suite of molluscous shells in the British Museum, on 
this subject, are the following : The mode of growth ; the 
changes which take place in the shell during the increase 
and expansion of its inhabitant; the manner in which 
these animals repair any accident to their shells, or remove 
by absorption any portion which has become unnecessary 
or inconvenient. Other specimens illustrate the manner 
of forming a straight, or nearly straight shell, into one of 
the spiral variety ; while others exhibit the deformities or 
monstrosities which sometimes afflict individuals of this 
class of beings. 



CHAPTER XIX. 

CONCHOLOGY. 



210. The several parts of a shell are distinguished by 
different names, which, as in other sciences, have a tech- 
nical meaning. Without this language, one shell could 
not be so described as to distinguish it readily from an- 
other. This language applies to fossil, as well as recent 
shells ; and, therefore, before we proceed to describe and 
illustrate the testacea of a former world, it will be neces- 
sai^ for the student to understand, at least, some of the 
terms employed in describing \h& sYieWa oC iba ^tesLent tima 
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21 i . Composition i^Siells. — Shells, in their recent ataie, 
09 composed of carbonate of lime, mised with a Ultle 
animal ur gelatinous matter. Some shelb, if placed iu a 
weak acid, will exhibit the lisaue of thii matter, the acid 
dissolving' the lime, but leaving the gelatin in neailj its 
original Slate, In fossil ahells the animal matter is scUiooi 
pteaeni, the shell itself bemg petrified, and its interior filled 
with carbonate of lime or with ailex. 

212. Concholoey defined. — Conchology ia the science 
which treats of tue structure, arrangement, and properties 
of shells. Sheik are inhabited by leslaceous animals, and 
to which thej are only partially attached. Crvstaceous 
animals are con&ned entirely within their corerings, each 
limb or member being invested by its own peculiar shield, 
as in the lobster and crab. Many of the teatacea are fixed 
by an attachment to other substances, as the oyster and 
muscle; while others have the power of crawling along 
the bottom, of of moving through the water, as the unio 
(fr^h'-water clam) and the scallop. The animals which 
inhabit shells are called moUusea or moUusetms animals ; 
but the claHsification depends, not on the habita or form 
of the animal, but on the form and other properties of the 
shell. 

The LJnnasan system of conchology, which is the most 
simple of any that has been propoaed, divides sheila into 
Multivalves, Bivalves, and Univalves, 

By vaive ia here meant any single piece of shell, wliich 
forms the habitation, or part of the habitation, of a mol- 
luscous animal. Any shell, formed of mole than two 
pieces, is a multivalue. Bivalves consist of two diatinct 
pieces, and univalves of a single piece. 



213. This is much the smallest claaa, but contains some 
tftbeautifiil shells. The genus Lepaa, which contains the 
eomnum harnacle, fig. 1, belongs here. The Chiton, or coat 
of mail, is another member of thia class. The genetic 
description of Lepaa is, " Shell inultivalve ; affixed at the 
base ; valves unequal, erect." These shells are chiefly 
porasitic, being attached to esciraiieous substances : often 
10 BhipB, pieces of wood, whales, &.c. The generic char- 
Ofitera of this class are derived from the number and silla- 



^^kfcsf the valves. 
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round clam, and which are taken in ^reat abundance on 
the shores of Long Island, and sold as an article of food. 

Tkird. Shells having* a hinge, without teeth, as in the 
well-known shells of the oyster and scallop. ^ 

The generic distinctions of the bivalves, depending e? 
tirely on their teeth, and their genera in the Lumsean sys- 
tem amounting to only thirteen in nmnber, they are easily 
distinguished from each other. The species depending on 
the forms and markings are not so readily distinguisl^ 

III. UNIVALVES. 

218. This is much the largest ciass, and contains a 
great proportion of the shells which collectors seek after 
with so much avidity, and many of which sell at exorbi- 
tant prices. 

Univalves differ greatly from each other in form, size, 
and coloring. Like the bivalves, their different parts are 
distinguishSi by peculiar names, which are appHed in sci- 
entific descriptions, and by means of which conchologists 
are enabled to imderstand each other. 

Only the most necessary and common of these terms 
can here be explained. 

The univalves are distinguished chiefly by the form, 
size, and direction of their apertures, but sometimes by 
the conformation of the shell. 

The univalves are exceedingly numerous, of a great 
variety of forms, and some of them remarkably beautiftd, 
both in shape and color For the names of the several 
parts of a univalve, see Lign. 36, Fw, 1. 

219. The spire, a, in the univalve, fig. 1, is formed by the 
union of the turns or whorls, ^, which are counted by reck- 
oning the lower turn, containing the opening below, as the 
first, and counting, on the same line to the top of the spire. 
The turns in most shells go from the right to the left ; 
when they pass from left to right, which rarely happens, 
the shell is said to be reversed. The line passing round 
the shell like a screw, and at which the whorls are imited 
to each other, is termed the suture. The whorls axe plain, 
grooved, crenulated, crowned with points, &c. 

The back of the shell, c, is the external, tumid part, on 
the opposite side, and above the aperture. The body con-i. 
sists of the whole of the tumid part, c, which forms the 
first whorl. The opening or apertinre, e, is circular^ ovo^ 
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-, &c,, and it ia often ihe fonn of this part which 
Jetenaines ihe genus of the shell. This opening lermioaleB 
in a. groove or notch, which is either straight or turned to 
ihe rig/it or lefi, or batkioards. Whea the opening ia 
longer thtin wide, it is said lo he longitudinal ; and when 
wider than long, transverse. The edge, or margin of the 
opening, is divided into right and lefi lips. The n^A(, or 
outer lip, d, reaches from the body, or first turn of the shell, 
lo the base. The left lip, g, is on the other side of the 
opening, and is of small extent in those shells, the openings 
of which are entire. This opening ia filled with a body 
composed of shell, or cartilage, which is attached to the 
animal, and with which he can close the opening at plea- 
sure, by drawing it in. This is termed the operealum- 





Spiral Bhall. 

e little while bodies, popularly called eye-slones, are 
^ rculums, 
Univalvea are distinguished into two kinds. 
220. First. Those which are furnished with a spire, 
as Fig. 2, Ligtt. 36, and those haiing no apire. 

Those furnished with spires, are again divided into such 
as have — Ut, their apertures effuse, that is, having the lips 
separated by a sinus, at gutter, so that, if filled with water, 
iK'Vould Sow out at the back part, aa the 
10 
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iuBm and valuta. 2d. Such as have their apertures amdi- 
mlatt, or like a canal, as bueciMvm, ttromhu and ontrat 
3d. Such as have their apertures eoarctate, or c^mtiacted, 
t^ipoaed to efiuse, as helix, turixt, and neiita. 

LMN. ar. 

Wit. 3. 




221. Second. Those either having no spire oriire^- 
lar, or imperfect ones. The patella, or Umpet, Lign. 37, 

Fig. 1, IB an example. 

In this epitome of conchologj, we shall describe a part, 
but not the whole of the thirty-six Limuean genera, at the 
same time indicating which are recent, oi now living; 
which are fossil, or extinct; and which are both recent 
and fossil. 

222. MtTLTIVALVES, Genus Pholas, Lign. 37, Fig, 2. — 
Shell bivalve, inequilateral, and gaping ; having small ac- 
cessoiy valves, a, situated on the hinge and posterior slope; 
hinge recurved and furnished with a tooth. 

The name Pkolades, imports seek a hiding, in reference 
to the habits of the animals, which live in limestone 
rocks, or wood, entering when small, and gradually in- 
creasing their cells, according to their growth. The 
largest specimens are found in chalk, which being a soft 
rock, perhaps admits of a larger growth, in consequence 
of the ease with which the animal enlarges its cell 
There ia a mysteiy concerning the means by which these 
animals penetrate the substance of their futun prison, 
which, from the size of the aperture, must be dona when 
they are very young. The animal undoubtedly h«s the 



r diaaolving the Blone and wood by means un- 
o man. The idea of friction with the ehell, is 
untenable, since ihis is covered with mised net-work, 
with the points sharply defined, Thia shell has not been 
found in the fossil stiite. 





223. BivALi-Es. Genus Mjfiilas, Lign. 3S, Fig. 1.— Shell 
longitudinal, equivalved; the heaka nearly straight, ter- 
minal and pointed; hinge without teeth. Shape either 
folded or lobed, crested or attenuated towards the apex. 
This is the masclt of common language. To this genua 
belongs the pearl-hearing shell, (mytuua tnargaritiferas,) 
of the Indian fisheries. The whole genua are mseparably 
attached to other substances. 

The species in which pearls are foimd, are most abund- 
ant, and in the greatest perfection, on the coast of the 
Persian gulf and of the island of Cejlon. The tenn 
pearl-oyster is commonly applied to this shell, but incor- 
rectly, as ia obvious, since the genus is Mytilns, and not 

In the great pearl fisheries which supply the Eastern 
markets, the number of fish annually brought up by di- 
vers, is almost incredible. Many of the shells contain no 
pearls, but some contain two or three. Those of two grains, 
sell from about one dollar and fifty cents to two dollars 
each; those of five grains, from eight to ten dollars each; 
thoseof eight or nine grains areof arbitrary value, because 
they are very rare. The finest specimens sometimes bring 
enormous prices, being considered invaluable, and fit only 
to adorn the persons of Eastern potentates. 

Of the MytiluB, there are about forty recent, and two 
foBsil species. 

L'Qwim OrtfW — Shell bivalve, generally with un- 
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even valves, and slightly eared hinge; without teeth, tmt 
furnished with an ovate hollow, and usually with lateral 
transverse grooves. 

This genus includes the scallop, or pecten, Lign. 38, 
Fig. 2, which, however, unlike the oyster in the habit of 
the animal, and the general form of the shell, agrees with 
it in the mechanism of the hinge, the part on which the 
generic distinctions depend. 

The loco-motive powers of the scallop are exerted in a 
singular manner. On the ground a rapid progress is made 
by opening and shutting the shell suddenly, and with so 
much muscular force, as to throw it five or six inches each 
time. In the water, an equal dexterity is evinced by the 
animal in raising himself to the sinface; probably by the 
same means, and of directing his course at pleasure. 
When disturbed, he shuts his valves, and sinks to the bot- 
tom Uke a stone. 

Of the Ostrea, there are fifty living, and thirty-six fossil 
species. 

UGN. 98. 

Fig. 1. 

ng. 2. 





Patella. 
Argonauta. 

225. Univalves. Genua Argonemta. — Shell an involuted 
imivalve; the spire turned into the opening, very thin, with 
a tubular double dorsal keel. Lign. 39, Fig. 1. 

The art of navigation is supposed to nave owed its 
origin to one of this genus. (See Nautilus, page 126.) 
He was observed by the ancients (and subsequent expe- 
rience has confirmed the observation) to raise himself to 
the surface of the sea, by ejecting a quantity of water, 
and thus diminishing the specific gravity of his vessel. 
When floating in a calm, he throws out two or more ten- 
tacula, or feelers, to serve as oars. If a favoring breeze 
springs up, he spreads a fine membraneous sail, on two ex- 
tended hmbs, and steering with his other arms, shows his 
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naval akill by numberless evolvitionB. Ill case of danger, 
he draws in a Utile wnier, hauls in, and coils up his lackle, 
and sinks lo the botiom. The Argonauta is not found in 
the fossil state. 

226. Genus Patella. — 'A ahield-fonned, Bub-conical uni- 
TalTe, without a spire; someiimeB with a perforation 
through the summit, Lign. 39, Fig. 2. Lign. 37, Fig. l,a 
perforated Patella. 

The name Patella, is from the resemblance of some spe- 
cies to the knee-pan. There is considerable variety in the 
forms of the species, but all are fixed firmly to the rocks 
V stones by the animal, which is covered by the ahelL 
~"~'b both fossil and recent. 



Fig. I. 

[ 



CyptHt 



227. GenuB Dentalium. — Shell univalve, sub-conical, a. 
little curved, tubular, not chambered, open at both ends. 
Li^. 40. Fig. \. 

The form, as the name expresses, is like that of a tooth, 
or tusk, especially Uke the tusk of an elephant, 

These shells are found partly buried in the sand, and 
the animal, which some nuturalista have supposed to be 
free and unattached to its shell, may be observed to sink 
deeply into it, in order to avoid dang'er, 

The species are few, and entirely recent, 

228. Genua CyprMi. — Shell univalve, involute, obtuse, 
smooth; aperture effuee at both ends, linear, toothed on 
both sidca, longitudinal. Lign. 40, Fig. 2. 

"niis genus is remarkable for the high polish, and often 
beautiful colors, with which it is adorned in its native 
stale. Many of the speciea are quite common, and there- 
) highly prized by coUectora as the more rare. 
"" I for snuffboxes, 
10* 
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The inhabitant of this shell, it is said, has the power of 
quitting it, and of forming a new one, better fitted to his 
necessities or convenience. "The Cypraea live deeply 
buried in the sand, from whence, it is said, at the full 
moon, and during its increase, they leave their habitations, 
for the benefit of conchologists, and crawl forth in a state 
of nakedness, to expatiate on the rocks above, and to begin 
a new dwelling." This accounts for the great numbers 
and high state of preservation in which these shells are 
found. Naturalists, however, doubt the ability of these 
animals to leave their shells. 

The name of this genus appears to be derived from that 
of the Cyprian goddess, on account of the great beauty of 
the species. 

LIGN. 41. 

Fig. 1. Fig. S. 





Bulla. Voluta. 

229. Genus Bulla. — Shell univalve, convolute, unarmed; 
aperture sub-coarctate, or a little contracted, oblong, lon- 
gitudinal, entire at the base. Lign. 41, Fig. 1. 

The shell of this genus is inclosed in a mantle, or fold 
of the animal, instead of forming an exterior shield, as in 
most cases. Some of them are river shells, but they mostly 
live in the sea, buried a few inches in the mud. 

The name Bulla^ a bubble^ is descriptive of the swelled 
or puffed form of the shells of most species. 

230. Genus Voluta. — Shell univalve, convolute, columel- 
la, or pillar-plaited, or screwed, the lower plaits being the 
largest ; it has neither Up nor umbiUcus. Lign, 41, Fig, 2. 

These shells are easily discriminated by the plaited col- 
umella, and by which they are particularly distinguished 
from the genus Conus. The plaits are longitudinally in- 
clined, and not nearly horizontal, as in the genus Murez. 
The name of this genus is expressive of the form of the 
•hell valuta^ "rolled up cylindrically." This genua ooor 
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xSHS many sheUs, of considerable beftuly, and, on the 
'whole, is among the most elegani known. 

The recent species are numerous, besides which, many 
J species are known. 



231. Genus Buccmum. — Shell univalve, spiral, gibbous, 
or protuberant, aperture ovate, ending in a canal turned to 
ihe right, with a short beak; interior lip flattened. Lign. 
42, F,g. 1. 

The direction of the canal towards the right, that ia, 
JTom the exterior lip, ia very characteristic of this genus. 
The name Biocinum, signifies a trumpet, or horn, but is 
often misapplied, since many of the species are less Uke 
a horn than those belonging to other genera. 

This genua ia divided into several families. The shells 
of some having little resemblance to each other in form; 
but a reference to the peculiarity of the beak will gener- 
ally dialinguish this genus. Fossil and recent. 

S32. GenuB Strnmbiis. — Shell univalve, spiral, expanded ; 
aperture having the lip untisuntly dilated, and ending in a 
canal, inclined towards the left, or from thepiUar. Lign. 
42, Fig. 2. 

One species of this genus is well known under the 
name of Covck-shell, the interior of which is of a beautiful 
pink color, and was formerly in fashion in ornamental 
jewelry. 

Some members of this genua might easily be mistaken 
for Muiices, or Buccina; but the Sirambi have a depres- 
sion, or sinus, on the dilated wing, which ia separated 
from the gioove at the base of the shell, next the pillar. 
Attention to this will lead (o the distinction. It is both 
recent and fossil. 
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233. Gtenus Mwrex. — Shell uniyalve, spiral, olt«n 
formed with longitudinal membraneous sutures; and besol 
with spines ; aperture terminating in a canaL either straight 
or turned up backwards, and not inclining to the right 
or left. Lign. 43, Fig. 1. 



Fi«. 1. 
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Mtxrex. 

Tarbo. 

The very peculiar form of the aperture or canal, is a 
very distinctive feature in this genus. This is oblong- 
oval, or perfectly oval, and does not gradually contract 
into a canal, like the Strombi and Buccina, but suddenly 
opens into it at the same, or nearly the same width, which 
it retains through the whole length of the beak. 

The famous Tjnian purple was extracted from an ani- 
mal inhabiting one species of this genus. A single vein 
near the head contains the coloring hquor; but the art of 
dyeing, in latter times, has disclosed more beautiful and 
much less costly colors than this produces. 

The name Murex, means roughs or rock-like, a designa- 
tion which fails to apply in many of these species. It is 
both recent and fossil. 

234. Genus Turho, — Shell imivalve, spiral; aperture 
contracted, round and entire. Lign. 43, Fig. 2. 

One of the best distinctions of this genus, is the round 
aperture. The shells often closely resemble those of the 
Trochus genus ; but, in these, the aperture is angular, often 
the only mark of distinction between the two genera. 

The Turbo might at first be mistaken for the spire of 
another shell, but its unbroken base and round aperture 
will generally distinguish the genus. The. name Tuibo, 
means any thing which whirls around, as a top, in refer- 
ence to the spiral form of the genus. It is both recent 
and fossil. 

235. Genus Conus. — Shell univalve and turbinate. 
Aperture effuse, longitudinal, linear, toothless, and entire 
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at the base. Columella smooth, base atteouated, some- 
s marked with oblique grooves. Aperture sometimes 
dilated; -whorls, mostly flat, ofiea channeled, rarely 
crowned. Lign. 44, Fig. 1. 

LIQN. 44 



Trocfiua. 

236. The great beauty of this genus, both in form and 
coloring, renders it hig-hly interesting and valuable to the 
lovers 3f the science. I'he rare species arc aoug;ht after 
with avidity by shell collectors, and the most beautiful 
kinds often sell for considerable sums. The Conus gloria 
marix, and the Couus cedonulh, sometimes biing from 
twenty to twenty-five guineas for single sheila. 

The name Conus, a cone., refers to the shape of the 

237. Genus Troe/i'u-.—A spiral, sub-conical univalve; 
aperture four-sided, and somewhat angular, having, the 
upper part of the margin converging towards the pillar, 
which is oblique. Lign. 44, Fig. '2. 

In some species, the aperture tends to an oval form; but 
these are distinguished from the Turbines, by a tooth-like 
projection. It must, however, be confessed, that there is 
much difficulty in distinguishing some specimens of these 
two genera from each other. ]ji genera! the Trochihave 
the form of a pointed cone, capable of standing nearly 
erect on their bases. The word Trochus, has a similar 
taeaning to Turbo; the common name is top-shell, or bitt- 
ton-shell, the shape being similar to that of a common 
spinning-top or an ancient conical button. 

238. Genua Helix. — Shell univalve, spiral, translucent, 
brittle; aperlure coarctate or contracted, lunate or ci 
lar, having the segment of another circle taken from the 
■whole area. Lign. 45, Fig I. The common Vatii 8T\8.\VS» 
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a good example of this genus. — The whorls are contigo- 
ous, and the body of the shell alicays forms a lunate pro- 
jection into the aperture, and this character will distin- 
guish the Helices from the Trochi and Turbines. Another 
mark of the genus is tenuity, or thinness and translucencj. 
239 Genus Nerita. — Shell univalve, spiral ; gibbous, flit 
underneath, aperture semi-orbicular, or semi-limar, having 
uniformly the pillar hp, or columella straight. Lign. 45, 
Fig. 2. 
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Nerita. 

Helix. 

The Nerita is a genus well characterized, and therefore 
easily distinguished, the straight pillar lip being a uniforai 
mark, which at once separates them from the Hehces, 
which their forms most resemble. Nothing c&n exceed 
the beauty and delicacy with which some of these shells 
are marked, or the rich tints of color with which others 
are stained. It is both recent and fossil. 



CHAPTER XX. 

POSSTL CONCHOLOOT. 

240. (The terms Testacea and Mollusca are often used, 
80 as to appear only as two words signifjdng the same 
thing ; and then again the student is perplexed to find 
them apparently meaning different orders, or classes. 
The explanation is, that the two words mean different 
parts of the same object, the one having reference to the 
shell, and the other to the animal it contains. Thus, 
mollusca is from mollis^ soft, meaning the animal; and tes- 
tacea from tfistn^ shell, mftanm^; l\\e Wt^ c,«^«dxv^. iJL -^iKSl 
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D therefore that an oyster, is a molluscous animal, 
i leslftceoua covering, though by many writers the 
terms are used indifierenily to mean the same thing.) 

With I he exception of the tifuaoria, the claas of organic 
lemaina, to which our attention ia now to be directed, is 
ihe most widely difRised, the most various in character 
nod appearance, and the moat numerous, which geoJogioal 
inquiry has brought to light. 

From the permanenl nature of theae remains, and the 
immense numbers in which they are fouod, in all fosail- 
iferous strata, the leslacea are of great importance to the 
geologist. We have aeen indeed ( 125) that the Tertiary 
formation has been divided into periods in proportion to the 
quantitiea of shelia its various strata contain. 

241. Explatiiitions. — Having already given an arrange- 
ment of Fossil Remains, (178,) it ia only necessary here 
to explain a few terms, which are more particularly ap- J 

plicftble to the animals which ouce inhabited the objects J 

of our investigation. ' 

242. AcEpnAi.A, without head. — Becauae they have | 

neither jaws, tongue, or distinct mouth. They are all 
aquatic, ae the oyster, and are divided according to the 
modifications of their coverings. 

243. BRAcmoroDA, arm-footed. — So called becauae they 
have fleshy brachui, or arms, which are attached in the 
usual place of feet or lega. They are inclosed in bivalve 
shells, and have not the power of loco-motion, being iixed 
to the bottom of the sea, aa the Ttrebratala. 

244. Encephalous, with a head. — These possess a head, 
Mes, mouth, jaws and teeth, with lentacula, or feelers. 
They are free animals, and can crawl or swim ; some being 
terrestrial, and others marine. Their shells are univales, 
as the snail o.'od'iimpei. 

245. PTMoronA, wing-footed. — So called, because their 
organs of Ic^tftnpiion are two wing-like muscular expan- 
sions, proceeding from the sides of the neck. With these 
ihey awim, and rise or sink. The Clio ia an example. 

246. Gasteropoda, stomach-footed. — These crawl by 
means of a muscular projection, or foot, which comes from 
the under part of the body. The snail^ slug and limpet, 
are of this sort. Most of them are of marine origin. 

247. CuPHALOPonA, head-footed. — They have powerful 
taenia, arotmd the head, tj "«\v\dtv 
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their motions are effected, as the Nautilus and Cuttle-fish. 
The latter is the only mollusk in which the hard parts an 
internal. 

Number of the Testacea. — The number of living* species 
of these animals, known and named, are estimated bj 
naturalists at something more than six thousand, and 
almost every day is adding new species ; for hardly a 
vessel arrives from distant seas without bringing some new 
shell to enrich the cabinet of the conchologist. In this 
country the whale ships are the most successful importen 
of foreign specimens, and many of the sailors are good 
judges of the value of a rare shell. 

F0881L BIVALVE SHELLS. 

248. Teiiebeatula. — From terehro^ to bore, in allusion 
to the perforated beak (215) through which passes a 
byssus, or stem, by which the animal is fixed at the bot- 
tom of the sea. It is a bivalve shell of the brachiopodous 
order, (243,) of which a few species only exist. Of fossil 
species, about five hundred are known, nearly all of 
which are found in British strata. The most interesting 
circumstance relating to these mollusca, is the respiratory 
apparatus, which consists of two long ciliated tubes, spi- 
rally coiled, united at the base, and supported by slender 
calcareous processes, which are often preserv^ in the 
fossils. 

UGN. 46. 

Fig. 1. 





T. octcpacata. T. subrotunda. 

Lign. 46, represents two species. Fig. 1, T. octoplieaiaj 
and Fig. 2, T. subrotunda. In both, the perforation of the 
beak is apparent. 



; Sphlifera, cotttaining spiral pTOcessts. — Among 11 
i variety of foBsil bIioIIb found, the spirifera have pe- 
culiar interest, on accounl of iheir calcareous processes, 
which in ihe living state supported the cUiaied branehia, 
ai heur-like gills, by which reapiratioa was ejected. 

In many specimens this part is preeerved. Lign. 47, 
Fig. 1, shows one of the apirea, by the removal of a part of 
the upper valve. It is an internal apparatus, as seen, but 
the animal had the power of unwinding and protruding il 
heyond the spiral ahell. The two then served, not only 
for breathing, but also as arms for seizing its prey. Il is 
found in the Silurian and Devonian formations in great 
abundance. Three other fossil genera are known of this 
family and « great number of species. 
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—The ojater ia well known in 
of the world as a luxurious article of food, 
organs of loco-motion, and either fixes itself to 
body, or lies stiU in the mud. There are sove 
and fifty or more, fossil species of this genus, 
sands and clays of the London basin are underlaid with a 
bed of these shells, so that when the strata around that 
city is perfqpUed^b a sufficient depth in search of water, 
this bed is always pierced. This was the case lately in 
boring an Artesian well, the shells being found at the 
depth of two hundred and eighty feel. These shells 
closely resemble the edible species of the present day. 
The oyster family is distinguished by having one shell 
deeper than the other, and by having only one muscular 
impression. 

261. TaiGOKiA, three-angled. — The form of the shell ex- 

a 



122 HMO. MrrtL.vm hbx& 

^atna its name. These shells are thick and htMj. 
The right valve has two large oblong teeth, irbich &■ 
verge from the umbo, and are sironglj furrowed, and fit 
into two corresponding' grooved cavities in the opposite, or 
kft valve. A single l»-ing species is known to ii ' 
the sea of New Holland. The fossil species are 
abundant in the Portsmouth ooUte. Ligft. 47, f 
npresentB one species, the Trigoina eostata, or 
Trigonia. 

252. Tesedo, S/ap-worm. — It is an encephaloui 
Insk, one species of which, the Teredo navaUt, c 
very entenaive injuries on ships, bridges, and other v(fAa 
of timber, exposed to their attacks. It is the most Termi- 
form. or wonn-Uke, of all the mollusca, and forms a to^ 
tiious cylindrical peiforatton in the wood, sometimes 

E'ercing through the planka of a ship, so as to endanger 
it safety, and peihaps complete her ruin ; hence the ne- 
cessity of sheathing with copper. The Teredo has a 
mouth, furnished with testaceous valves or teeth, by which 
it bores its way into the wood, secreting at the same time 
calcareous matter with which it lines its passage. The 
fossil species differ from the recent, only in the form of the 
valves, or teeth. They are found in petrified wood in 
abundance. Lign. 48, shows a piece of wood hterally 
fiill of these destroyers. Specimens in which the wood 
is petrified, and the cavities of the tubes filled with calca- 
reous spar of various colors, furnish beautiful specimena 
when cut and polished. 




Dr. Mantell says, that "when the canal in Regent's 
park was being formed, large blocks of perforated caica- 
reoua wood were discovered, having ih* \\ft;n«ai\a«uaot;uiQ 
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well preBerved, and the tubee of the Teredines occupied by 
yellow, gray, and brown spar, farniing specimens of great 
beauty and intereHt." 



253, The animalB of the univalves are mora highly or- 
ganized than those of the bivalvea. They are eneephalous, 
(284,) and have nearly all of them the power of loco- 
motion ; while the acephalous bivalves, with few excep- 
tions, aa in the unio, or fresh-water clam, do not move from 
their places. They belong to the gasleropoda, or stomach- 
footed family, and inhabit severally the eea, rivers, and the 
land. The peTtwinhle, the rwer-snail and the common- 
(vell-known representatives of each of these tribes. 



I 




Fossil Ga^teropod 



Their shells are spiral, and with a few exceptions turn 
from left to right, the aperture, when the shell is placed on 
the base, being dextral to the observer, as in Lign. 49, 
J%». 1, 2, 3. In a few species, the spire turns in the oppo- 
site direction, and the mouth is on the left, aa in Fig. 4. 
The shells here represented, Lign. 49, are Fig. I, Poiu- 



124 FoniL mnrALVB 

UmaJUoianam. 2, Lwmem hmgis e mta. 3, Ceritkhtm l^ 
WR ; and 4, Fusus anUr a rims. The Paludina and lim- 
nea, are common fresh-water shells, inhabiting rivers ind 
lakes. The Cerithium and Fusus are marine. Extinct 
species of ail these genera are found abundantly in vaiioaM 
Tertiaiy formations. 

254. Geographical Distributum of Bivalves amd Utd' 
valves. — ^ If the more rare and splendid organic remains 
may be legarded as the ^ Medals of Creation^* says Dr. 
Mantell, the fossil testaceous mollusca, from their dma- 
bihty, nimibers, and variety, may be considered as the cur- 
rent coin of geology. Occurring in the most ancient fos- 
sihferous strata in small numbers and of peculiar types ; 
becoming more abundant, and varied in the secondary 
formations ; and increasing prodigiously, both nimierically 
and specifically, in the tertiary, these rehcs are of inesti- 
mable value in the identification of a stratum in distant 
regions, and in the determination of the relative age of a 
series of deposits." M. C. 437. 

255. Fossil CephalopodcL — These head-footed animals 
have formed some of the most ancient and interesting 
among fossil remains. Most of the species are extinct, 
but a few are known at the present day, among which 
are the Sepia^ or cuttle-fish, and the Nautilus. The living 
are, however, but a feeble representation of the countless 
myraids which swarmed in the ancient seas. These 
mollusca are composed of a body, which is either inclosed 
in a shell, as in the Nautilus, or contains in the interior, 
a solid calcareous or cartilagenous support, as in the cuttle- 
fish. The latter has a distinct head, with mouth, eyes, 
and organs of hearing. The head is surrounded by sev- 
eral arms, or tentacula, with which they adhere to rocks, 
it is said by suction, and with which they seize their prey. 
But the most curious and singular part of their fabrication 
is the apparatus by which they are enabled to move them- 
selves through the water. This is a tube, situated below 
the head, by which the animal propels itself backwards, 
by the forcible ejection of the water that has served the 
purpose of respiration. Thus, the act of respiration 
serves this singular aquatic, instead of organs of loco- 
motion. Its forward motion is effected by means of its 
tentacula. 

The cuttle-fish is supported by a kind of skeleton^ coa- 



J of a single bone of singular structure, which, when 
dried and reduced to powder, is the substunce called jwninft, 
ttnd is used by writers to keep the ink from spreading. 
Thia extraordinary animal has the power of secreting a 
dark-colored fluid or ink, which it ejects when pursued, 
and by thua rendering the water turbid, escapes from itB 
enemies. Thia fluid is contained in a bag, which forms, 
wbei* prepared, the septa color used by painters. It ia also 
said to enter into the composition of India-ink. 

256. Belemnite, a dart, from the supposed resemblance 
of this fossil, to the head of a javelin, or dart. Among 
the immense variety of organic remains found in the earth, 
none have excited more curioBity, or given rise to more 
conjectures than the Belemnites. They occur in the 
shape of long fucifonn atones, of a, cylindrical shape, 
pointed at one extremity, and having at the larger end a 

L • conical cavity, which is either occupied by a chambered 
shell, or is filled by the petrifying substance. Some of 
them are translucent, but more commonly they are opake. 
Their Btructure is radiated, with a minute central cavity, 
extending their whole length. The different species vary 
in size, from the thickness of a quill, to several inches in 
circumference, and twelve inches in length. 

These remarkable foasila, known to the people by the 
name of " Thunder-stones," are found to have been the 
interior support of ancient species of Cuttle-fish ; the soft 
parta having decayed, thia portion only was preserved by 
petrifaction. The conical cavity at the large end ex- 
panded into a thin homy receptacle, which contained the 
ink bag ; and it ia a singular fact, that the inspissated ink 
has been found in many caaea in the bag, and aa a matter 
of curioaity has been prepared, and recently used aa a 
pigment. 

The form of the aupposed animal, being nearly that of 
the Sepia of the present lime, is represented in Lign. 50. 
Fig. 1, a front view of the animal ; a, the Belemnile, at- 
tached to the ink bag, b; Figs. 2, 3, 4 and 5 are Belemnites 
of different species ; the figure below 2, shows the form of 

' the aperture at the upper end ; Fig. 5, is a longitudinal 
section, showing the cavity, and below its size and form ) 
Fie. 6, a side view of Fig- 1. 
\{* 




The weli-knawn shell of the pearly Nautilus 
no description. U is what naturalists lechnically call 
B chambertd shoU ; being internally divitied into com- 

?iLrtTnents, growing smaller as the apire diminishes, 
'liese partilions are pierced by a lube, called a siphunevlui, 
which extends to ihe remoiest cell. On sawing the shell 
longitudinally through the middle, the tube, partitionij 
and cells are displayed, affording to the sight a beautiful 
and interesting piece of mechanism, evidently conairucled 
with soma design, not easily comprehended. The animals 
which constructed these complicated shells, were unknown 
to naturalists until recently ; for although the shells them- 
Mlve* probably have, from the earliest tunes, been common, 
yet the builders, it appears, have, except in a, very few in- 
•tftnwis, escaped, nolwith standing the great anxiety to. 
Oapluro iheiii. The writpr, several years since, requested 
a ■cioiitific lieutenant in the American navy, who ex- 
pected to spend a year or two on the ocean, and in hotj, 
climute«i to proctue a specimen of the Nautilus, and 




spirits foi his inspection ; but allhough the 
voyage was performed, the Nautilus, notwithstanding 
thousands were seen, was not procured, every attempt being 
without success. We also remember the statement of the 
celebrated French traveler Valtiant, that vhen near the 
Cape of dood Hope, many of these little animals were 
seen sailing before the wind ; yet the sailors of hiti ship, 
though every exertion was made, never could capture one. 
They would always sink before a net could be put under 

Dr. Buckland stales that the recent publication of Prof 
Owen, of London, on the Pearly Nautilus, (1832,) affords 
the first scientific description ever given of the anunal, by 
which this long well-known shell was conatructed. The 
reason seems to be, that the nautilus never approaches 
near the shore ; the instant it slops breathing, it siuke to 
the bottom ; and having only a a%ht attachmenl to its 
shell, and living onlyin hot climates, the shell and animal 
soon separate — the one to drift ashore, and the other to 
decompose at the bottom of the ocean. 

Pro/. Owen's memoir has shown, thai the aninials 
which constructed the fossil Nautili, as well as those 
now existing, were nearly allied to the common Cuttle- 
fish j the principal difference appearing Co he, that while 
the organs of the latter secrete an internal testaceous 
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Means of rising and sinking. — The n 
nautilus so readily rises to the surface, a 
like a alone — and this without fins — has In 
among naturalists ; and several theories ha^ 
to account for the fact. But since the anatomy of the 
animal has been better understood, the secret has been 
explabed. It appears now that the chambers are filled 
with air, instead of water, as was supposed ; and that the 
animal has the power of secreting a considerable quantity 
of fluid, which is retaiiied within the shell by an expanded 
membrane ; and that the sinking is in consequence of 
changing the place of this fluid, by forcing it in the air- 
cells, and at the same instant withdrawing the tentacula 

a the shell, thus making a compact mass of the whole. 
' 's exchange, it will be observed that the bulk of the 
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air is diminished by condensation, exactly on the principle 
thai the linle iiaagnes descend to the bottom of the glan 
jar. when the India-rubber is pressed which is stretched 
across its mou*.h. In this philosophical toy. the images 
are tubes of glass, the upper parts of which contain aii^ 
and the lower water, so as just to balance them in the 
fluid. Now. when this air is condensed, by pressing the 
water higher in the tube, the image begins instantly to 
sink ; but begins to rise again when it expands by remov- 
ing the pressure. Thus, the nautilus. ha\'ing descended 
by forcing the fluid into the air-cells, through the siphun- 
cle or tube, (which communicates from one cell to the 
other, through the series.) rises again by allowing the 
fluid to return to its sack, and the air to expand : a won- 
derful pro\'ision. it is true, but completely solves the mys- 
tery so long an enigma with respect to the motions of this 
celebrated animal. The sailing of the nautilus, which it 
can only do before the wind, is performed by expanding 
its membraneous tentacula. which at other times are em- 
ployed in seizing and conveying its food to the mouth. — 
Bd. p. 232— 252. 

257. Fossil Nauhli. — The British strata alone Sontain 
about sixty species of the Nautilus. These are found in 
the Tertiary, Carboniferous, and Cretaceous formations. 
The shells all possess the general characters of the recent 
species, above described, though often diflfenng greatly in 
external form. 

258. Ammonttes. — So called, from their supposed resem- 
blance to the horns engraven on the heads of Jupiter Am- 
mon. The shell is compressed, with the whorls of the 
spire contiguous and visible; septa or partition lobed,with 
a sinuated margin ; border of the lip thickened, often notch- 
ed and auriculated ; siphon or aperture near the back of 
the shell. 

These are among the most conmion and abimdant fos- 
sils of British secondary strata. They appear to have 
been known under the name of snake-stones, from very 
early times ; and there are still local traditions among the 
pciople of England, ascribing their origin to swarms of 
snakes, turned into stones by the prayers of some patron 
saint. The Lias in Yorkshire contains vast nxmibers of 
these remains, of several species. The species known in 
that country amount to abo^t two hundred, being common 
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in all the secondary formations, but are rarely round in the 
tertiary. Mr. ManteU atatea, (M, C. p. 493,) that they 
iraiy in size, from half an inch iq four ftet in diameter. 

This animal, like that of the nautilus, occupied ihe outer 
Chamber of the shell, which, however, extended to a com- 
paratively greater depth Chan in llie shell of the nautilus. 
No representative of this family has been found in the 
recent state. They were of marine origin, and vary greatly 
in form, some being of an elegant figure, and beautifully 
Ornamented ; their outlines being a gentle ctirve, the folds 
not being coniiguoua, as in most of the species. One of 
these, Lign. 51, Fig. t, called Crioceeas, ot curved horn, 
is among the moat graceful of this family. The more 
Common form, with the spire involuted, and the turns con- 
liguoua, is represented by Fig. 2. Nearly all the Ammon- 
ites are casts, and therefore represent the inner forms and 
markings of the shells, the shells themselves having dis- 
appeared. 




259. TniLOBiTE, (tree, C/iree, and lobus, a lobe.) — An 
order of Crustaceans, embracing those remarkable fossils 
in which the body is divided into three lobes by two fis- 
Bures, running through the length. These, originally 
e&Iled Diiilley insects, (from their being found in great 
' cumbers in the town of Dudley, in Staffordshire, England,) 
|Ilave been objects of great interest to the naturalist for 
e hundred and fifty years. Linnasus placed 
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The detached wings of various species of the Neun^em 
have also occasionally been discovered ; and Dr. Mantell 
has figured a single specimen of the dragon-fly, in a good 
state of preservation, with the exception of the loss of one 
of the four wings. 



CHAPTER XXL 



FOSSIL ICHTHTOLOGY. 



263. Ichthyology, signifies a discourse on fishes. The 
whole structure of a fish is as well adapted for swimming 
as is that of a bird for flying. Being suspended in a fluid 
of nearly the same specific gravity with itself, it needs no 
expanded organs for its support. Many species have the 
air-bladder so organized and developed, as, by its contrac- 
tions and dilatations, to vary the specific gravity of the 
fish, and thus to enable it to sink to the bottom, or rise to 
the surface, without the help of the fins. 

The animals we have heretofore examined are called 
by naturalists invertebrated, that is, without back-bones. 
Those we are now to describe are vertehrated^ so called 
from vertebr<B^ which means to turn^ as the spinal column 
in all animals has motion in every directioa Of verte- 
bral ed animals, the fishes are among the lowest orders. 
Instead of lungs, they respire by means of BRANcnif, or 
gills, and thoir loco-motion is performed by fins, instead 
of feet. 

The living species of fish known to naturahsts are esti- 
mated at about eight thousand ; and those in the fossil 
state, according to M. Agassiz, most of which have been 
determined by himself, at present amount to about fifteen 
hundred ; while several hundreds still remain undetermined. 

" The fossil remains of the fishes," says Dr. Mantell, 
" rank in the first class of the ' Medals of Creation^ for 
they demonstrate the existence of numerous tribes of highly 
organized beings in the most ancient fossiliferous strata, 
and the continuance of the same type of organization, 

What docs Ichthyology mean? What is said of the structure of fiiiliesT 
Why are fishes called vertebrated animals ? How do fish respire ? What 
number of living species are there 1 What number of fossU f 
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Tariously modified, thnjugli tlie enlire seriea of subsequent 
dtepositfl to the preaenl time. Elach geologital formation 
eoutains peculiar groups of fossil fishes, distinguished hy 
(Bctinct modifications of atructure. Thus, according to 
the data at present obtained, all osseous (bony) fishes an- 
terior to the chalk formation, belong to genera wliich have 
ao representatives among existing species ; and they are 
characterized by rhomboidal scales, covered with enameJ." 
M. C. p. 591. 

Sedimentary strata, composed of mud and line sand, of 
whatever age. hove been moat favorable to the preserva- 
tion of the entire forms of fiahes. In such strata of the 
tertiary system, and in the chalk of England, are some- 
times found fishes quite perfect in form; and not only in- 
dividiials, but groups, with the scales, fins, head, teeth, and 
even the capsules of the eyes, in their natural position. A 
small slab from Aix, in Provence, Lign. 53, is an example. 



v'M 



The fiahea are of diminutive size, and of a family tm- 
known at the present day; the name, LebiaxceplialolM, of 
Agassiz. In the orders of this grand diviaion of the ver- 
tebrata, M. Agassiz, of Switzerland, the author of a 
great work on the fossil fishes, hna been guided by the 
peculiar structure of the scales, and it is obvious that this 
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method is quite simple and easy for the learner, sines i ! 
requires no examination of the bones, or other pelts tiikt] 
structure. In most instances, the scales and bones an- 
the only parts remaining, of this class of fossils. The fint 
lowing is his division: 



LIGN 54. 



Flf. 1. 



P«. & 





Placoid. 



Oanoid. 



264. Order L PLAcom, (a hroad plate.) — The skin ii 
covered irregularly with enameled plates, sometimes of a 
large size, but frequently in small points, as in the skin of 
the shark, called shagreen^ and in those of the dog-fish and 
ray. ^ign. 54, JP^. 1. 

Order U. GANom, {splendid^) from the brilliant surface of 
the enamel.-^-The scales are of an angular form, and com- 
posed of plates of horn or bone, covered with enamel 
Their structure is identical with that of the teeth. The 
sturgeon is an example, JPf^. 2. This order contains mors 
than sixty genera, of which fifty are extinct. 



UGN. BB. 



Fif. I. 



Fig. 9L 





Ctenoid. 



Cycloid. 



Order IIL Ctenoid, {comb-like. ) — The scales are formed 
of plates which are pectinated, or toothed on their poste- 
rior margins. As the plates are superimposed on each 



How has Agassis divided the fossil fishes ? What are the names of die 
orders, and their meaning ? Give examples of each order. 
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t, HI that the lowermost always extend beyond the 
r^lpeimoat, their numerous and aharji points render these 
I scales very hard lo the touch. The pBToh belongs lo this 
order. Lign. 55, Fig. 1. 

Order IV. Cycloid, (a ciVc/e. )— The scales are com- 
posed of simple round or oval plates of bone, or horn, wiih- 
ooi enamel, and with smooth bordera; but their surfaces 
are often ornamented with figures or markings. To this 
order belong the mullet, salmon and carp. Fig. 2. 

265. Advantages of the above system. — The system upon 
which M. Agaasiz has established hia classilication of 
recent fishes, is, in a pecuHiir degree, applicable to fossil 
fishes, being founded, as above shown, on the charac- 
ters of the external coverings or scales. This character 
is so sure and constant, that the preservation of a single 
■cale will often annoimce the genus, and even the spe- 
cies of the animal from which it was derived, jual as a 
single leaf, as we have already seen, determines to which 
of the great Botanical classes the tree belonged, (95.) 

A further advantage, says Dr. Bucicland, arises from the 
fact, that the enameled scales of most fishes, which ex- 
isted during the earUer geological epochs, rendered them 
much less destructible than their internal skeletons; and 
oases frequently occur, where the entire scales and fig- 
ures of the fish are perfectly preserved, while the bones, 
within these scales, have altogether disappeared; the en- 
amel of the scales being less destructible than the more 
calcareous material of the bone. Bd. p. 205, 

It appears that the chamcter of fossil fishes does not 
change insensibly, from one formation to another, as in 
the case of the zoophytes imd teatacea ; nor do the same 
genera, or even the same families, pervade successive aeries 
of great formations ; hut their changes take place abruptly, 
at certain definite points in the vertical succession of the 
strata, Uke the sudden changes that occur in fossil reptiles 
and mammalia. 

266. Fins of Fishes. — These are named according to 
the situations they occupy on the fish. The pectoral, ate 
those on each side of the chest; the dorsal, those of the 
hack; the ventral, those of the under parts; and the eaa 
Hal, that of the tail. In the fossil state, the (ins are often 
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beautifully preserved j even the soft rajs in many of the 
tertiary marls, and m the chalk, are found entire and 
attached to the body in their natural situations. 

TEETH OF FISHES. 

267. Of all the durable parts of animal remains, the 
teeth of fishes present by far the most numerous and strik- 
ing modifications of form, structmre, composition, mode of 
arrangement and attachment ; and yet their dental organs, 
separately considered, do not in many instances, either ia 
their structure or mode of implantation, afford characters 
by which the natural affinities of the original can be 
ascertained; and without the aid of other parts of the 
skeleton, it is often impossible to determine whether an 
imknown form of tooth belonged to an animal of the class 
of fishes or reptiles. M. C. 509. 

Mode of attachment. — The mode of arrangement, 8is well 
as of attachment, in the teeth of fossil fishes, is much 
diversified. In some, all the dental organs are of one kind 
and form, and are disposed in four rows, one on each side 
of the jaws ; but in a large proportion of fishes, there are 
several species of teeth, which are implanted, not only in 
the jaws, properly so called, but on the bones which form 
the cavity of the mouth, on the arches of the palate, and 
on the tongue. 

The teeth are composed of a dense bony material, 
termed dentine^ which, in many species, forms on the ex- 
ternal surface of the tooth, a cover of a firmer texture than 
the interior, and which has a glossy outside like enamel 

268. Form of the teeth of sharks. — Of all the teeth found 
in the fossil state, those of the shark are the most common 
and numerous. They not only occur in great numbers, 
but in numerous forms, indicating a great variety of spe- 
cies. In this family, the osseous bases of the teeth are 
attached, by a ligamentous substance, to the cartilaginous 
jaws ; the teeth of these fishes are, therefore, generally 
found detached in the fossil state, owing to the decompo- 
sition of this substance. 

Although the modifications of form are not easily enu- 
merated, they are referable to four principal types ; namely/ 
the conical, the flattened, the prismatic, and the cylindn- 

What is said of the number and durability of the teeth of fishes? Wbot 
is said of sharks' teeth in particular? 
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e sharks belong to the Placoid order, their scales 
Bting of enameled plates tind tubercles, the latter 
forming the well-known shagreen. There are a few rep- 
reaenCatives of the fossii speciea, one of which, found on 
the coast of New Holland, ia called the Port-Jacksoa 
shark, which has sixty teeth in each jaw. These present 
a most formidable array of instnimenta, for holding, cut- 
ting, and grinding the prey of this monster of the deep. 




We have represented a few forms of foaail sharks' teeth, 
in Lign. 55. Figs. 1 and "2, are the crushing teeth of the 
genua Hyhodus, of the natural size. Fig. 3, one of the 
cutting teeth of the genua Carckarias. It is finely serrated, 
and presents a formidahie instrument enough, when it is 
considered with what force the owner had the power of 
pressing, perhaps, a hundred of such lancets into the flesh 
of its hapless victim. 

The Wkite Shark, now chiefly found in hot climates, 
has teeth of a similar conslniction, and is supposed to be 
an example of this family. Some of these are said to ho 
forty feet in length, having jaws and teeth in proportion. 
But even these were greatly exceeded in size by some fos- 
sil species, whose teeth, found at the island of Malta, are 
said to be six inches in length. Fig. i and Fig. 5, cutiing- 
teelh of the same family, natural s^e. 




Thaee, and & great variety of othora, of nmilu gI_ 
aeter, are found in the English tertiary and ehalk fi»M>S 
tions. 




269. PTERiCKTaY9,{iimgeii-Jish.) — This ie a reatored spe- 
cimen, formed of many detached pieces, but none being 
admitted which did not clearly belong to this singulai fisL 
The upper surface, or back, is represented bj Lign. 57. 
The head and anterior part of the body, are covered with 
large scutcheons, or bony plates, of angular forms, and 
fitted nicely to each other. The eyes are small, and on 
each side of the head is a process of considerable length, 
moving in all directions, and which appears to have teen 
a weapon of defense, like the homs of the common bull- 
head, {Cottus gobio.) In some specimens, these are ex- 
tended at right angles with the body. The tail is of an 
angular form, nearly as long as the body, tapering to a 
point, and without a fin. This is supposed to have been 
the chief organ of locomotion. 

The British species of this curious creature, of which 
six or eight are known, are less than a foot in length; 
but some of the same family, found in Russia, are several 
feet long. 

270. Saubocefhalus, (lizard-^ad.) — The teeth of this 
genus of extinct fishes, present a. most formidable appear- 
ance, resembling those of the lizard family, and hence the 
name. They have been found in the chalk of Sussex, Eng- 
land; and similar examples occur in Missouri and Nev- 
Jeisey, in this country. The specimen, Lign. 68, is a por- 

What u uid o[ ths Winged-fiih t 
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H^TO of the lower jaw, with one row of elongated, slightly 
" ourved pointed teeth, the two anterior, or front ones, being 
■ttuch longer and larger than ihe others. The figure rep- 
WsfiDlB the left branch of the jaw, and a fragment of the 
«ght, with the front tooth remaining. These fishes be- 
longed lo the Cycloid order, having scales of a. circular 
fonn. The teeth are generally of a dark color, have a 
glossy surface, and are very brittle, differing remarkably 
fiam the sharks' teeth, which are commonly white and 




Iniard's head teeth. 

271. Geological DisTEmimoN of Fossn. Fishes. — 
It is stated by M. Agassiz, the great investigator of this 
dopaftment of geology, that the Ichthyohtes (Jossil fishes) 
of the tertiary deposita approach moat nearly m their char- 
acters to living genera, but that none of these ancient 
families, so far as is known, have any existing representa- 
livea. In some of the newer formations, where the teeth 
of sharks ate found in such abundance, a few have been 
attributed to genera now living in hot climates, but none 
to recent species. It is believed that the only instance in 
which naturaiiats have claimed identity of species in fossil 
and existing fishes, is in reference to a little fish of the 
genus Mallotus, and species viltosus, now hving on the 
coast of Iceland ; fossil specimens of which are found along 
the coast of that island, of apparently recent date, and 
probably now in the progreaa of formation. 
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Iq the chalk fonnatioiiB, numerous teeth of sharicf, and 
nearly perfect specimens of the Cycloid, or fishes witk 
round scales, are found. In the tertiary clays and sand^ 
detached teeth of sharks are 'also obtained in a pofeet 
state of preservation, and shoiild be arranged (m trayB m 
the usual manner of small shells. 

272. Dr. Mantell cautions collectors who visit Moote 
Bolca, and other celebrated locaUties of fossil remaiD& 
against the frauds practiced by the quarry-men, as well 
as the professed dealers in fossik. Specimens, apparently 
perfect, are ingeniously constructed from fragments of va- 
rious examples. Thus, the head of one fish, the body of 
another, decorated with the fins of a third, and ])erhapt 
the tail of a fourth, all of different species, or perhaps gen- 
era, are dove-tailed together, colored and varnished, so ai 
to deceive the common observer, and occasionally even 
the experienced collector. Spongmg with cold wat^ will 
often detect the imposition; for the color, if artificial, will 
be removed, or rendered paler, while the same process wiB 
heighten the natural tints. M. C. p. 682. 



CHAPTER XXII. 

FOSSIL REPTILES. 



273. The animals comprehended in the class of R^ 
tiles, which occur in the fossil state, are the following, 
namely: 

I. THE CHELONIANS, OR TORTOISES. 

These have a heart with two auricles, the body sup- 
ported by four feet, or paddles, and enveloped in two 
osseous shields, or bucklers, consisting generally of many 
plates of bone, or shelly as it is usually called. 

II. THE SAURIANS, OR LIZARDS. 

These have a heart with two auricles, the body being 
supported by four feet, with the body and tail covered wim 
scales. 

What are the characteristics of the Gheloniana ? What of the 



I *rheBe have a heart with two auricles ; perform loco- 
po^n by means of movable scales, but are destitute of 



, Theae have a heart with one auricle, the Ludj naked, 

Ivilh rudimentary ribs, and four feet. 

Most of the Reptiles breathe by braochix or gilU, in 

thwT young state, and by lungs afterwards, A familiar 

example is the common frog, which begins life in the form 
of a dark, oval animal, with a tail, living under water, and 
called paluuiug. It afterwards loses its tail, acquires four 
l^a, and has its gills replaced bj lungs. All the Reptiles 
axe cold-blooded animals, and most of them reoittin in the 
torpid Slate during a part of the year. 

274. Abb of REPMi-Ea, — Cuvier the founder of Palteon- 
tology long since asserted that there was n period, when 
the lakes, rivers and seas of our planet swarmed with rep- 
tiles ; and that cold-blooded, oviparous quadrupeds, of ap- 
palling magnitude, were once the principal inhabitants of 
the dry land. 

Subsequent discoveries have served only to confirm this 
assertion, though, at the time it was made, it would have 
been coosidered mere romance, had it come from the pen 
of any less authority. The progress of discovery has dis- 
interred in the Lias, Oolite, and Chalk formations in va- 
rious parts of the earth, the remains of vast numbers of 
Reptiles of different species, some of them of enormous 
magnitude, and differing entirely from those now inhabit- 
ing the sea or land. At what period of time these ani- 
mals so mightily prevailed, geologists do not profess to 
know ; but the moat ancient remams of this class were 
deposited before what is called the tertiary period ; since in 
the strata of these formations, occur the remains of Rep- 
tiles which approach to recent types, and which are in- 
termingled with the bones of mammiferous quadrupeds, 
some of which might claim relationship of those now in 
<>.xistence. 

275, Teeth of Reptiles, — Prof. Owen, states, " that in 
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no reptile does the base of the tooth teiminate in nfll 
than one fang, and this is never branched. Any fivi^ 
therefore, which exhibits a tooth implanted bj two ftiil' 
in a double-socket, must be mammiferous, since the woOf 
eted teeth of reptiles have but a single fang ; and ta 
only fishes' teeth which approach such a tooth in fan, 1* j 
are those with a bifurcate base, belonging to cotakf! 
sharks." The collector who observes these facts nul^ 
therefore decide with certainty, and at once, to which a 1^ 
these great classes his specimen belongs, and which rt V! 
some cases might save him a deal of perplexity, anl 1^ 
hours of time. 

In most reptiles the teeth are very numerous, some indi' 
viduals having more than two hundred. In certain genen 
they are implanted on the jaws only ; in others they o& 
cupy the vault of the mouth, as in certain fishes. In smne 
they are anchylosed, or joined by bone to the jaw; in 
others they are set in distinct sockets, as in the Cinocodib 
and Plesiosaurus ; and in others still, as the Ichthyosaurufl^ 
they are arranged in a deep furrow, and retained only by 
the integuments. 
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Head of the Ichthyosaums. 



276. IcjHTHYosAURUS, {Jlsk-lizard.) — The living Ichthy- 
osaurus must have resembled the Grampus or Porpoise, 
with the addition of four large flippers, or paddles, and a 
long tail, having also a vertical caudal-fm of moderate 
dimensions. The orbit of the eye is exceedingly large, 
sometimes fourteen inches in diameter, and the sclerotic 
coat, or capsule of the eye, has in front an annular series 

How will YOU know the teeth of reptiles from those of the mRmmalitt 
What is said of the number of teeth in reptiles ? What does IcbUiTonuinu 
mean? 
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pf bony plates, as shown in the head of this reptile. 
Lign, 59. This pecuUar structure is not possessed bj 
umes, but is analogous to that of some other reptiles, as 
|li» turtles and Uzards, and also occurs in the eye of cer- 
ain species of birds, as the owl and eagle. The teeth 
lie very numerous, amounting to about two hundred, and 
ua placed in a single row on each side of the jaw, being 
mpumted in a deep continuous groove. In its dental 
urangement, as well as in the form of the teeth, this ani- 
anal more nearly resembled the crocodile than any Uving 
ceptile. 

The jaw of the ichthyosaurus is composed of many thin 

Ltes, so arranged as to combine strength, elasticity and 

^htness, in a greater degree than could have been 
Med by a single bone, as in other animals. This seems 
to have been a provision to compensate for the great length 
and slendemess of the lower jaw, which no doubt was 
moved by powerful muscles, and which, had it been com- 
posed of a single bone, would have been much more liable 
to be fractured in seizing and holding the prey, than if 
constructed of many pieces, having a motion on each other. 

The vertebral column of this reptile was composed of 
more than one hundred joints, or pieces, resembling in 
structure those of fishes. To these were joined slender 
ribs, divided at the upper ends into two parts, and con- 
tinued along the back-bone from the head to the pelvis, in 
this respect agreeing with the structure of the lizards. 

The ichthyosaurus had four paddles, which appear to 
have been veiy powerful instruments of loco-motion. In 
some species each paddle was composed of about one 
hundred bones, bound together with strong ligaments, and 
covered with a thick skin. Prof Owen thinks it probable 
that it might have possessed the power of some degree of 
motion on the land, crawling on shore like the crocodile 
to deposit its eggs, for it was an oviparous, or egg-l&ying 
animal 

There are seven or eight known species of this genus, 
some of which are supposed to have been at least thirty 
feet in length. 

An entire skeleton is represented by Lign. 60, but it 

What is said of the jaws of the Ichthyosauius ? What is said of its pad- 
dlas ? How many species ? What length ? 
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must not be supposed that the whole was found at anj 
one place ; on the contrary, it is composed of the united 
parts of many skeletons, as they occuned in a more or 
less perfect state. In some, a few ribs and vertebra might 
be undecayed, while the other parts were missing, or so 
imperfect as not to be extracted from the stone in which 
it was imbedded, and so of the other portions. To form a 
whole skeleton, therefore, was a work of time and labor; 
and although detached bones of this reptile are not un- 
common in many secondary formations, yet only a skele- 
ton or two, possessing nearly all the bones, has ever been 
constructed, many parts being composed of wood or 
cement. 



LIGN. CO. 




Skolcl/jn. of tho Ichthyosaurus. 

277. Plesiosaurus, {lizard-like.) — This, hke the reptile 
just described, wus a cold-blooded, oviparous animal, which 
presents in its osteological structure remarkable devia- 
tions from all known animals, whether recent or fossil. If 
we can imagine a being which imites at once the body 
and head of the lizard, (the former having paddles in- 
stead of feet) ; the teeth of the crocodile ; the neck of the 
swan, elongated to twice its usual length ; together with 
the agility of the crane in darting upon its prey, we shall 
probably have as good an idea of this marine monster, as 
can be obtained at the present day. The neck in most 
animals is formed of only five vertebrae : in the swan, it is 
formed of twenty-four; and in the Plesiosaurus, of forty; 
being four times the length of the head, and equal to the 
entire length of the body and tail. The teeth are placed 
on each side of the jaws, and are about one hundred 
and forty in number. They are long, slender, conical, 
pointed, and slightly curved inward, presenting a most for- 

Waa the skeleton of the Ichthyosaurus found entire, or made o( the puts 
of several ? What does Plesiosaurus mean ? What description oan joo 
five of this animal ? 
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a an aquatic animal, is proved from the form 
3 paddles ; that it was marine, is shown hy 
; lieing always associated with those of the 
' Ben ; and that it breathed air, is demonstrated bj its whole 
form. With respect lo its habits, Mr. Conybeare sup- 
poses that it swam upon or near the surface of the water, 
BTching its long neck, like the swan and occasionally 
duting down its small head tit the fish which happened 
to float within its reach. It may, perhaps, have lurked in 
shoal water along the coast, concealed among the sea- 
weed, and raising its nostrils above the water, have found 
a secure retreat from ils more terrible enemies, Lign. 61, 
represents the skeleton of this reptile. 



^^^^raere are sixteen species of the Plesiosaurus, known to 
geologists, all of which have been found in the limestone 

' fonnations, lias and Oolite. 

278. Crocodiles. — Naturalists emimerote twelve spe- 
cies of this family now living. Of these, eight speciea 
are true crocodiles, with short, broad snouts ; three are 
called aUigatoTs, differing little from the crocodiles j and 
one, called gavial, which lives in the Ganges, with a 
slender beak, constructed to feed on iish. 

Of this family, found in the fossil state, none appear to 
difier materially from those now existing ; though it ia a. 
curious feet, that those with broad snouts, resembling the 
ftUigalor, are found in the tertiary strata, but not below il ; 
wb3e those with elongated beaks, resembling the gavials, 
are only found in the secondary strata. 

iiiT Whai BIO Ihe number 
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ST9. Ct-nosiVEUB. {Khale-Hke lirard.) — This genus wm 
eetablished by Prof Owen, from apecimenB of venebit, 
umI bones of the extremitieB of a gigantic reptile found in 
various lerliary deposits, in differem p<ins of Englftni 
The originals are supposed to have been morine aquatiei, 
uid must have risaleil even modem whales in built, sous 
■pecimeiis indicating n length of fottjor fifty feet. Th«y 
KTebelieved tohave been wcb-footed, and to have bad Voad 
Teniciil tuile. 

2Sf). DiNijs*cKtJS, [fearfully-great Unard.) — This [arm 
ia emiiloywl by Prof. CJwen, to dcsig'nate ihe order of 
tinct colossal reptiles, including the Mrgalnsaurus, Hylto- 
gautiis iind Igunnotlon, each of ♦hicti fonna a weli-estab- 
lishcil genus. 
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Megalosauul's, (greoiiisurrf.)-— ThiB genus n 
ed by Dr. Buckland, from specimens of organic r 
found at Stoneafield, in England. No skeleton, in wbicEl 
all the parts are preaiirvort, lins jet been found j bat b" 
many perfect boues and teeth have been discovei<ed, iht 
the peculiarity of the animal has been clearly made 01% 
and the fonns itiid dimensions of the limbs are' aa ■wflfS 
known, as though they had all occurred in a single blocl^ 

Prom ihe size and proportions of these bones, as ctKO* 
pared with existing liznrda, il is concluded that the Meg- 
aloaaurus was an enonnous replile, measuring from f 
to fifty feet in length, and partaking the structure of 
crocodile. From the atrucim'e of the teeth, it is proved ti 
have been a carnivorous animal, [Lign. 62,) while o' 
paris showed that it was a cold-blooded terrea trial. 
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_yijffil. Hn-^osAURCa, {wood-lixard.) — This 13 another 
reptile allied to the S^urians, and named, by E)r, M»iitell, 
the Weatilen lixard from the formation where its remaina 
were found. Only detached bones have yet been dis- 
covered, but sufficient for the le»med and zealous author 
of the " Medala of Creation," to institute a new genus. 
which is supposed to have been a formidable family, of 
twenty or thirty feet in length. 

283. \o\!iiJHQwm,(iguana-tootked.) — The Iguana is a land 
lizard of the West Indies, and to which the fossil teeth 
of the present genus has a near resemblance, hence the 
name. The genus was established by Dr. Mantell, from 
bones chiefly found at Titrate forest, in Susaex, England. 
The remaina found at this locality are represented in four- 
teen quarto plates, many of which are occupied by the 
bones and teeth of the Iguanodon. As in most other 
cases of large fossils, only detached parts have been dis- 
covered in the same spot, and it often requires the utmost 
skill of the comparative osteologist to identify the bones 
belonging to the same species, so as not to join in the 
same skeleton parts belonging lo different species or even 
genera- 

" Although," says Dr. Mantell, " much remains to be 
known of the osteology of the Iguanodon, it is manifest, 
from data hitherto obtained, that the original was a ter- 
restrial oviparous quadniped, of gigantic proportions ; com- 
bining with its reptilian organization, the massy, cumbrous 
limbs of the existing herbivotous pachydermata, or rather 
approximating lo the Dinotherium, Megatherium, and 
other extinct colossal mammalia." The probable size of 
the animal, according to the estimate of Prof Owen, is aa 
follows : length of the head, three feet ; of the trunk, 
twelve feel; of the tail, thirteen feet: total length, twenty- 
eight feet. 

283. Pterodactyl'; 3, (leing-Jingered.) Lign. 63, — The 
extinct reptiles denominated Pterodactylcs, are unquestion- 
ably the most marvelous, even of the wonderful beings 
which ihe relics of the age of reptiles have enabled the 
palieontologisl to reconstruct, and place before us in iheir 
natural forma ond appearance. With a head and length 
of neck, resembling that of a bird, the wings of a bat, and 

DeicKbe this animat ? Deichbe tho 
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the liody and tail of an ordinary land animal, these Citt- 
tnres present an anomaly of stnicture as unlike their foesl 
eoDlempoiaiies. as is the duck-billedPlatjpuB, of Australia, 
to ezisting animals, 'llie skull is small, with very long 
beaks, which extend like those of ihe citKodile, aiiA am 
furnished with upwaixla of sixty sharp pointed teeth ; the 
orbit of the eye is very large, rendering it probable that 
these animals were nocturnal, and lived on inaecta. Tha 
fore-finger, being a division of the wing, is immensely 
ekMigated, for the support of a membraneous expansion, as 
in the bat, and the fingers terminated, aa in that animal, in 
kng curved claws. M. C. p. 762. 
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PterodBCtylua. 

Dr. Buckland says : " It is probable that the Pterodac- 
tyloB hud the power of swimming, which is so common in 
reptiles, nnd which is now possessed by the vampire bat, 
of the island of Bonia. Thus, like Milton's fiend, all qual- 
ified for all elements and all services, the creature was & 



CHEL014UKS. 

for the kindred reptiles that awanoed ii 
crawled on the shores of a turbulent planet." 

" Tbc fiend. 



'"™S^«^ 



^^^■With flocks of Huch-like creaturea fiying in the air, 
^|53 shoals of no leas monatrouB Ichlhjosauri and Pleaio- 
eauri swarming in the ocean, and gigantic crocodiles and 
tortoisea crawling on the shores of the primeval lakes and 
j rivera, air, sen, and land, must have been atrangely ten- 
1- anted in those early periode of our infant world." Bd. p. 
' 174- 

Naturalists are acquainted with eight speciea of this 
wonderful animal, differing in size from a anipe to that of 
a cormorant. 

284. Chelonianb, {lorloises.) — These ete dietinguished 
from other animals by the double osseous shield, or cara- 
pace, in which their bodies are uicloaed, and from which 
the head, neck, tail and lege are protruded, when the ani- 
mal is in motion; but when disturbed, or in dBngei,all these 
parta are drawn within the shell for protection. The 
breaat-plate, which ia the true stemnin, is composed of 
nine pieces of shell, eight of which are in pairs, the ninth 
being placed between the four anterior plates. In young 
land and freah-water tortoises, there ore vacancies be- 
tween the pieces, which are filled up in the adult, and the 
whole imited into one bony plate ; but m the marine tur- 
tles, these piecea do not completely unite, the interspaces 
always remaining. All the Cheloniana are edentuloue, or 
loothleas, their bony jaws, being raised along the edges, 
serve instead of teeth to seize and hold their prey, like the 
mandibles of a bird. 

There is a close approximation of the generic characters 
of the fossil tortoises to those of the present day, so that 
it will bo unnecessary to give any further description of 
an animal, more or less examples of which exist in every 
part of the world. Those found in the fossil state are of 
marine origin, some of which are of iinmenae size, the 
shell of one described by Cuvier being eight feet in length. 
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llie remains of both land and marine tortoises have also 
been discovered in England, Grermany, and India. Dr. 
Buckland figures one with the upper shield, ribs and head, 
with all the legs and toes, with one exception, entire.s 
They occur chiefly in the tertiary and cretaceous deposits. 

285. Ophidians, {serpents.) — The fossil remains of ser- 
pents have been found in various parts of England, espe- 
cially in the London clay, on the coast of Sussex, some of 
which are supposed to have been more than twenty feet 
in length. Prof. Owen infers, from the examination of 
these bones, that they belonged to species allied to the 
Boa and Python, now only inhabiting hot climates. 

BATRAcmANS, {frogs.) — Thc skeletons, vestiges of the 
soft parts, and imprints of the feet of several genera of 
the soft parts, and imprints of the feet of several genera of 
the Frog tribe, occur in the fossil state in many terti€u:y 
deposits, all of which, like the existing races, appecir to 
belong to fresh-water, or terrestrial species. 



CHAPTER XXIII. 

ORNITHOLITES, FOSSIL BIRDS. 

286. " Except in strata of comparatively modem origin, 
the remains of birds, in the fossil state, are exceedingly 
rare. In the caverns that contain the skeletons of carniv- 
orous animals, and which were once their dens, and are 
now their sepulchres, the bones of several species of exist- 
ing genera of birds have been discovered in England, on 
the Continent, and in Australia ; and very recently there 
have been obtained from alluvial deposits in New Zea- 
land the skeletons of birds of enormous magnitude, and 
under conditions which leave some doubt whether, like 
the Dodo, the species may not have been extirpated by 
man during the last few centuries ; or even if some stray 
individuals of the race may not, according to the belief of 
the Aborigines, be still in existence in the interior of the 
country." M. C. p. 795. 

What are Ophidians ? Are any of their remains fossils ? What-ue As 
Batrachians? Are any fossil? what does Omitholites mean? 




vj TI18 fosail remains of biids consist of tlieir osseous 
BKcletona and of detached booes, and rarel/ of the feathers 
and eggs. From the quaines of gjpseous limestone near 
Paris, Baron Cuvier obiuined many bones, and some con- 
nected ponions of the skeletons of several birds, related to 
the pelican, sea-lark, curlew, woodcock, owl, buzzard, and 
qualL Two or three oniithohles have been discovered at 
Monimatre, the celebrated fossil mine near Paris, in which 
almost the entire skeleton is preserved In one example, 
described by Cuvier, the remains of a. bird are displayed in 
such a manner as to show that the animal had fallen on 
its belly, aud became partially impacted in the soft gvp- 
sum, which is now become sohd stone; and that previ- 
oualy to its becoming completely enveloped, the principal 
part of its head and the left leg were removed, either by 
the agency of some voracious animal, or by the action of 
water, after decomposition had commenced. In a few 
instances, the petrified eggs of aquatic birds have been 
discovered, 

287. Oriiitholiles in caverns. — In the fissures and caves 
of limestone districts, the remains of birds, with those of 
other animals, have frequently been fomid. Thus, in the 
cave of Kirkdale, in Yorkshire, iniermixed with the bones 
of lions, Bears, and Hyenas, Dr. Buckland discovered the 
remains of the Raven, Lark, Duck, Pigeon, and Snipe; 
all, however, of different species from those now existing. 

288. IcHNOLiTHES, (Joot-pfinlx on stone.) — hi 1828, Dr. 
Duncan published an account of foot-marks and tracks of 
animals made in stone, at the depth of forty-five feet from 
the top of the rock. Similar marks were found, not on a 
single stratum only, but on many successive strata, show- 
ing that these impressions were made, and repeated at 
intervals of lime. These fossil foot-marks, the first, it 
appears, which excited the altemion of geologists, occu^ 
red in a sandstone quarry in DumfriEsshire, Scotland. Di. 
Buckland, to whom Dr, Duncan communicated the facta, 
with drawings of the marks, concluded that they were 
impressions left by the feet of land tortoiaes. Bd, 199. 

In 1831, Mr. Scrope found rippled markings, and abun- 
dant fool-tracks of small animals, in the forest marble 
beds near Bath, in England, 

! What w the Dieaningof 
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In 1 834. impressioDfl of animals on saDdstone were foimd 
in a quarrr in Saxonj. The largest mark seems to hafs 
been by the foot of a marsupial quadruped, arMl was eight 
inches long. Others were attributed to tortoises, and 
others to bairachians (*2S6) of gigantic sizes. 

llie quarries of Storeton-hilL near Liverpool, are cele- 
brated for the abundance and variety of these fossil im- 
prints : on some of the layers, ikK only the tracks ci 
animals that have walked over the clay when soft, are 
distinctly observable, but the surface often presents a blis- 
tered or warty appearance, being covered either with little 
hemispherical eminences or depressions, which an accu- 
rate investigation has proved to have been produced by 
showers of rain. 

The foot-prints on these strata are of several kinds; 
some appear to have been produced by small reptiles and 
crustaceans; but the principal are identical with those 
which have been observed in Saxony, and are referable to 
some large quadruped, in which the hind were of much 
larger size than the fore-feet. M. C. 810. 

289. ORNirmcHMTES, {fossil foot-prints of birds.) — We 
have seen, above, that the tracks of animals on sandstone 
strata had, for a series of years, drawn the attention of 
geologists. These, so far as hitherto known, had been 
the impressions of reptiles, or of unknown quadrupeds; 
and it is perhaps unaccountable that the imprints of birds 
(a class of animals, of which many, at the present day, 
are constantly walking along the shores of lakes and 
rivers,) should not, until recently, and in this country, 
have been discovered and described. It appears, however, 
that the foot-prints of birds were first noticed in the saiui- 
stone strata on the banks of the Connecticut, by Doctor 
Deane, and by him described as a new and highly curious 
geological phenomenon. 

Says Dr. Mantell : "A most unexpected and remarkable 
discovery has been made by an eminent physician. Dr. 
James Deane, of Greenfield, which seems to prove incon- 
testably that numerous birds, afid some of gigantic size, 
existed at the period when the Triassic, or New Red strata, 
were in the progress of formation." M. C. p. 808. 



When and where were the tracks of animals in stone first noticed? What 
iH the meaning of Omithichnites? Who first discovered biid-tracks in 
tftonc ? 
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_jtui, 810: "Li cenaiii localities of the New Red 
' ■iwidsione, in llie valley of the Connecticut, numerous tri- 
dactyle m.irkinga had been occasionally observed on tha 
Buifaces of the slabs of stone when split asunder, in like 
manner as the ripple-marks appear on the successive lay- 
ers of sandstone in Tiigale forest. Some remarkably 
distinct impressions of this kind happening to attract the 
attention of Dr. James Eteane, that sagacious observer wai 
struck with their resemblance to the foot-marks left on 
the mud-banks of the adjacent river by the aqufttic birds 
which had recently frequented the spot. The conviction 
that the imprints on the stone were referable to a similar 
origin with those on the mud, was so strongly impressed 
on his mind, that he immediately collected a series of 
specimens, and cammunicaied his discovery and ojunions 
to Prof. E. Hitchcock, who followed up the inquiry with 
a zeal and success that have led to the most interesting 
results, No reasonable doubt now exists that the imprinia 
ill question have been produced by the tracks of bipeds, 
impresBed on the stone when in a soft state." 

290. " These highly interesting specimens of the driii- 
thichniles of North America, collected and developed by 
Dr. Deane, have been lately added to the collection of 
organic remains m itie British Museum. They eshibil 
aeveral varieties of foot-prints, and are in a very fine state 
of preservation The surface of the largest slab is eight 
feet by six, and bears upwards of seventy distinct impres- 
sions, disposed in several tracks." 

One of these tracks, of comparatively Hinall size, is rtfp* 
resented by Liyn. 64 ; the surrounding surface of the stone 
being sprinkled with the impressionB left by drops of raia. 
The imprint of the bird is of the natural size ; and the 
following is Dr. Deane's description of the foot-marka and 
the strata on which they were found, in v.arious places 
along the banks of the Connecticut. This, and otber 
statements, it appears, were received by the geological 
savans of England with great incredulity, nor were they 
convinced of the truth of such phenomena, short of ocular 
demonstration. When it was stated that birds had lived 
in America, whose tracks were fifteen by ten inches, (that 

Whal duea Dt. Mnnlell any is proved by ihe diBcoieiy ol Dr. DeuieT 
How loise was llie block, anif tho oumbe. of itackii on il, whrob Dr. Dauio 
-—: to Ifee Brilish Mnseum t 
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of the African oBirich being only ten inches long,) we are 
ready id excuse those who had spent their lives in devel- 
oping the hidden mysterioa of geology, for not at odch 
believing that a new coin, of such enormous dimensions, 
should 80 unexpecteiUy be added to the ^Medals of Cna- 
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Bud-tradu and Rain-lropl. 

_ 291. Extract from Dr. Deant's statement. --^^ In general, 
distinct evidence of the peculiar phalnngeal structure of the 
toes of the birds is wanting : each toe appears to be formed 
of a single joint, without the terminal claw. But a few 
epecimens have been discovered, in which the true cha> 
Mters of the feel ate clearly developed, with its rows of 
and its clawB and integuments. So far aa my 
itlons extend, the sharpest impressions are on tfas 
of the finest texture, with a smooth glossy surface, 
such as would retain the impressions of rain-dropa, (Xvn. 
64.) The layers of stone do not often present this kind 
of surface ; but recently it has been my good fortune to 
diflcover a stratum contoiuing, in all, more than one hun- 
dred most beautiful impressions of the feel of four or fivB 
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1 ot birds ; the whole aiuface having been pitted 
y a. shower of rain. The impreaaion of a, medftUion ia 
not more sharp and clear than are most of these imprmts ; 
iiTid 1 would suggest that their remarkable preservation 
may probably be ascribed to the eircumalance thai the 
entire surface of the stratum was incrusted with a layer 
of micaceous sandstone, and which adhered so firmly, that 
il could not be removed without the laborious and skillful 
ai^licatiou of the chiael. The appearance of this glossy 
layer, which ia of a gray color, while the slab is of a dark 
red, seems to indicate that il was washed or blown over 
the latter while in the state of loose sand ; thus filling up 
the foot-prinls and rain-drops, and preserving them un- 
changed iu the smallest particular; the form of the nails 
or claws, and joints, aud the deep impressions of the distal 
extremity of the tarao-metatarsal, or shank-bone, being 
exquisitely displayed. The great slab, which is about six 
by eight feet in dimensions, and two inches in thickness, 
contaius above seventy-five impressiona." M. C. p. 812. 

292. This slab, now iu the British Museum, (presented 
by Dr. Deane.) is figured by Dr. Muntell, in his ''Medals 
of Creation;" and the following are his remarks on the 
subject : 

" The enormous size of some of the foot-marks are cal- 
culated to excite great surprise. I have in my possession 
(through the kindness of Dr. Deane) imprints that prove 
the size of the foot to have been fifteen inches in length 
and ten inches in width, exclusive of the hind claw, which 
is two inches long. The fool-prints of this bird, when in 
B consecutive series of five or six, are from four to six feet 
apart, which of course must have been the length of the 
stride of the bird : the longest stride was probably made 
by the animal while nmning ; the shortest, when walking 
at a moderate pace. These foot-steps indicate proportions 
80 far exceeding those of all known living bipeds, (for the 
foot of an African ostrich is but ten inches long,) that the 
geologist may be pardoned for hesitating to adopt the opm- 
lona of the American savans, in the absence of any relics 
of the osseous structure of the supposeil birds, although 
aanotioaed by the high authority of Dr. Duckland, who, 
from the first, concurred in the views of Prof Hitchcock. 
But much scepticism prevailed among our geologists con- 
owning the true nature of these impressions ; and I catt* 
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didly confess my incredulit v. until a series of specimau 
■ent me bj Dr. Deane. (and which were laid before the 
Geological Society of London.) accompanied by a graphie 
description of the circiunstances connected with their pon- 
tion in the strata, brought conviction to my mind." M. G. 
p. 816. 

293. DixoRXis, (fearfully-great birds.) — ^"An insupera- 
ble obstacle," contmues Dr. Mantell. ^ to the adoption of 
the views of the American philosophers, with some distin- 
guished geologists, was the enormous size of the largest 
foot-prints ; but this objection has been removed by a dis- 
covery as unexpected and marvelous as that of the Oroi- 
thichnites of Connecticut : namely, of the skeletons of 
several species of unknown birds, with feet equal in mag- 
nitude to the largest [of these] foot-prints, in the alluvial 
deposits of existing streams and rivers in the north island 
of New Zealand." 

These bones have been described by Prof Owen, who 
refers them to the Ostrich family, but to a species one-third 
larger than any now existing. He regards the Dinamis 
as an apterous, or wingless race, which seems to have 
flourished at the epoch of. the New Red sandstone of Con- 
necticut. Among these ftmains are a tibia^ (large bone 
of the leg.) twenty-eight and a half inches long ; vl femur, 
(thigh-bone,) fourteen inches long and seven and a half 
inches in circumference. The native inhabitants believe 
that similar birds are still in existence in some part of their 
island. M. C. p. 818. 



CHAPTER XXIV. 

FOSSIL MAMMALIA. 

294. The class Mammalia, as its name implies, includes 
all milk-giving animals, whether they inhabit the land or 
sea. The whales, though commonly considered as fishes, 
arc not properly such, since they are air-breathing, milk- 

What is snid of the fossil birds of New Zealand ? What animals does 
the class Mammalia include ? How does it appear that the whale is not a 
fish? 
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giving, warm-biooded, vertebraied animals. Hence Ihe 
vbales, and sevejral other marine tiibes, with man, and all 
mamcaiferoua quadrupeds, come within the Hame class. 

The remains of this class that have been discovered la 
ibe fossil state, include a great numbe; of species, famish- 
ing eiamplee of almost every hving genua ; also, of numer- 
ous genera, and even ordera, of which no existing ana- 
logues are known. " Yet," says Dr. Mantel!, " amidst the 
va»l accumulations of the skeletons of the higher order of 
the vertebrata contained in the Biiperiicial drift, and in ter- 
tiary deposits, belonging to species which have succea- 
Bivdy appeared on the surface of our planet, flourished for 
indefinite periods of time, and then become annihilated, no 
veatigea oiMan, or his works, have been detected," 

Formerly it was supposed that the fossil bones of a man 
had been detected in a hmesioue quany at Guadaloupe, 
and the skeleton, still partially imbedded in the calcareous 
deposit, ia now to be seen in the British Museum. But 
allhough these remains have suffered incipient petrifac- 
tion, they are considered of modem origin, since the water 
in the locality where they were found is constantly depo- 
aiting calcareous mailer ; and^sce the original of thess 
rehcs may have lived only a timffay or two ago. 

295. The fossil remains of Munmalia which h;ive hith- 
erto heen discovered, belong lo one or the other of the fol- 
lowing orders : 

L Cetaceams. Whales, of which there are many species. 

IL Ruminants. Cud-ehev>eTs, as the Ox, Deer, and Elk. 

IIL Pachydermata. Tkiek-skinnedj aa the Elephant, 
Rhinoceros, and Mastodon, 

IV. Edentata. Toothless, that is, without front teeth, 
as the Sloth, Ant-eater, and Megatherium. 

V. RoDENTiA. Gnmuers, aa the Hare, Beaver, and Rat, 
VL Marsupialia. Pouched, having an abdominal bag, 

in which they carry their young, as the Oposaum and 

VIL Caknivoiu. Flesh-eaters, as the Lion, Tiger, Dog, 
and Bat. 

Vlll. Q.DADRUMANA. Fouf-houded, as the Monkeys and 
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29((. Gewkral account of Fossil Q.uadrupbd& — Befin' 

proceeding to the description of particular fossils, we will 
give u siiiQiQiiry of what is known with respect to the 
number of s|)ecie:i discovered in the fossil state, and the 
methotis employed to distinguish the remains of one ani- 
mal from another, merely by the examination of their 
detached bones. This method is due entirely to the zeal, 
patience, and learning of the celebrated Baron Cuvier, of 
Paris, the founder of Palaontology. 

All the organic remains of this class have been foond 
in diluvial and tertiary formations, being those considered 
the most recent in which fossils occur. Since the time of 
Cuvier, a considerable number of extinct species have been 
brought to light in various parts of the world ; and the 
catalogue is every year increasing, and probably will con- 
tinue to do so for centuries to come ; for, as yet, only a 
small part of the earth has been examined where such 
relics may be exj^ected to occur. 

297. Quadrupfds determined by Cuvier. — The number 
of quadrupeds, the classes and orders of which have been 
detennined by Cuvier, solely by the examination of their 
fossil remains, amount to about one himdred and fifty. 
Of these, ninety species w«re before entirely unknown to 
naturalists, and are therefore considered extinct, their 
entire races having perished at the period when their 
bones, generally found in the most recent strata, were 
there buried. I'en or twelve of the other species, so nearly 
resemble those at present knowm, that little doubt is en- 
tertained of their identity ; while many of those which 
remain, exclusive of the ninety extinct races, present kin- 
dred features to known species ; but in some instances, the 
want of a sufficient number of perfect specimens, and in 
others, some defect in an essential part, have prevented 
comparisons being made with sufficient accuracy, to re- 
move all doubt ; and, therefore, it is still uncertain whether 
any living examples of their races exist or not. 

Of the ninety unknown species, about thirty belong to 
genoni still living, and the remaining sixty, to genera en- 
X\rv\y unknown ; presenting to the naturalist the remains 



Who W-H8 the founder of PaliBontology ? In what strata are fossil quadru- 
iM'ds fxchwively found ? What number of quadrupeds were determined by 
Ouvicr, hy their fossil bones ? How many species were unknown, and how 
many Htill living? 



P0S8IL (iUAJJIlUPEl)!. 



159 



t! 80 mtin_v races of animals, which once prowled or ru- 
nted w^bere, at the present lime, not an individual of 
tbeii whole tribes is known. 

With respect (o the classes and orders to which these 
ADuaals belonged, about one-fourth of the one hundred and 
;fiflyBpeciea, wereovipatoua (egg:-laying) cold-blooded rep- 
tiles, as the alligator, lizard, and tortoise. The remaiader 
vetfi mammiferous animiik, as Lhe elephant, deer, masto- 
don, and hare. Of the latter, more than one-half were 
non-nuninani, hoofed quadrupeds, as the horse, tapir, and 
hog- 

298. PropOTticms of the differenl genera. — From these 
facts, thus developed, concerning the anicnals of the primi- 
tive or ancient world, it might, perhaps, be supposed that 
some theory could be formed, with respect to the propor- 
tiona of the different genera, which then inhabited the 
earth ; and bj a comparison of them with those now exist- 
ing, we should be enabled to arrive at some conclusions 
with regard to the difference. But it would be premature 
to form any hypothesis on this subject at present, since we 
know not but there are still hundreds of extinct species, or 
even genera, still iindiacovered ; and. there poasiblj may be 
existing species of some magnitude, Still unknown to natu- ^ 
raliala, though there is little expectation of finding any 
large quadrupeds in regions of the earth which remain 
unexplored. With respect to marine animals, there is 
more probabihly that there remain some, even of consider- 
able size, which naturalists have, as yet, had no opportu- 
nity of examining; for there are yet unknown seas and 
coasts to be explored. 

299. Extinct tpecies, not varieties of tlie recent. — Cuvier 
has proved, as we shall see directly, that the extinct 
species of quadrupeds are not varieties of those now in 
existence, but that there exist distinct specific differences 
between thera. "A species comprises all the individ- 
uals which descend from one another, or from common 
parents, and those which resemble each other, as much 
as they resemble themselves," Hence, the uoWeries of a. 
species are the result merely of such changes as take 
iJace in the color, size, and fineness of the fur of animals j 
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and which may be caused by a difference of climate, tf 
food, or the domestication of the species ; these vanetia 
may, therefore, i)nxiuce the exact likenesses of theii pa- 
rents. For example, the dog is a genus ; the pointer is one 
species and the greyhound another. Now, eveiy one 
knows, who is conversant with dogs, that pointera may 
differ from each other in color, size, and shape; and even 
from the same parents, it is seldom that two preciselj 
similar can be found. These are varieties of the paintei^ 
but the species is not changed; for their instincts, habita, 
and geneml appearance, are the same with those of theix 
parents. The same variations may be observed in the 
greyhoimd, and, indeed, in all other species of dogs. Bat 
if the races are kept distinct, there are no circumstances 
of climate, or food, or training, that will change the grey- 
hound into the pointer, or the contrary. The species are, 
therefore, entirely distinct and unchangeable. 

"The fox and the wolf," says Cuvier, "inhabit ereiy 
country, from the icy to the torrid zone; they experience, 
in this immense interval, every change of climate and 
condition, and yet the species have suffered no other 
change than a slight variation in the beauty of their fur." 
I'he same accurate observer compared the skulls of foxes 
from the north of Europe, and from Egypt, with those of 
France, but found no appreciable difference. Hence, we 
learn that the species of animals never change by time, 
circumstances, or condition, which some have argued to 
be the case. 

300. Although species never change, animals may acquire 
new instincts^ which become hereditary. — The young pointer, 
of good blood, is as stanch^ as sportsmen call it, when first 
taken to the field, as ever afterwards ; that is, he will 
stand, and point at the game with his nose, without ever 
having before smelled a bird, or seen any of his race exer- 
cise this wonderful instinct. On the contrary, a common 
whelp, imder the same circumstances, will instantly rush 
upon, and flush the game, without hesitation. Now, at 
what period, and by what nation, dogs were first trained 
to stand upon game, we do not pretend to know ; nor will 
we venture to say that this species did not originally pos- 

Do the same races ever produce new species ? Do the species of ani- 
mals ever change ? What is said of acquired instinct? What proof doei 
the pointer furnish ? 
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r ihia iDstinci, now so highly valued by man, iu aJI 
^uts of the world. But it is most probable that it has 
been acquired through the agency of man, since it cer- 
isinly could have been of no use to these animals in their 
wiM state; and in further proof thai ii is an ''acqatrtd 
instinct" it is well known to aportsmen, that dogs deterio- 
me when not employed; and that the descendants from 
parents of good blood, in which this faculty has never been 
exercised, are often worthlesg in the field, having httle or 
no appetency to display the peculiarity of their race ; and 
it is asserted that this instinct is lost entirely, after a few 
gsneralions in which it is not exerciseil. Hence, one of 
the first inquiries which a sportaman makes, when about 
to purchase a pointer, is, whether his parents were stanch 
and well-broke animals. 

301. The Retriever, another instance of similar faculty. — 
The instinct of the retriever, is, perhaps, a still more strik- 
ing' instance of a faculty, peculiar to a race of aninjals ; 
for it may, perhapSj be said of the pointer, that his peculi- 
arity is only a modification of a habit acquired in the wild 
stale, of standing for an instant, iu order to gather strength, 
or to make a more sure leap upon his giime ; but the busi- 
ness of the retriever is, to bring the wounded bird, and lay 
it at the feet of his master; and this faculty the race 
inherits, as the pointer does ihat of stemding upon the bird, 
which he has perhaps never seen, and which he knows, 
only by the smell, lies a few yaitls in front of him. In 
proof of this instinct in the retriever dog, it is said Ihat 
the celebrated French physiologist, M, Majendie, having 
learned that there was a race of doga in England, which 
stopped, and brought game of their own accord, procinred a 
pair ; and having obtained a young animal from them, kept 
it constantly under his own care, until he should have an 
opportunity of assuring himself that, wiihoui receiving 
instruction, it would perform the duty peculiar to its race; 
and that on iho first day it was taken to the field, it 
brought back game, with all the readiness of dogs which 
had grown old in the exercise of this instinct. Similar 
peculiarities exist in the bloodhound, the foxhound, the 
shepherd's-dog, and in the doga of St. Bernard, which, from 
time immemorial, have been celebrated all over the world, 
for their instinct, in delecting and assisting persons buried 
in the Boow, , 

14* 
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30*2. Now, how far it id possible to convert one of then 
races into the other, that is, to train the foxhound to pont 
a bird, or the (X)inter to follow the fox, we know not. fiat 
whoever has had an opportunity of noticing the facti| 
knows that the foxliound takes no notice of birds, nor can 
the pointer be made to pay the least regard to the Bcent 
of a fox^ however strong: and that if we mix these racei) 
the redult becomes utterly useless, either for the field or 
the chase. 

These facts go to prove that no such thing exists u 
new species, formed of varieties, as some French sarai» 
have endeavored to show ; for if the useless products above 
mentioned be continued, they never would form new spe- 
cies, but would remain mongrels, or varieties of the two 
races from which they originated ; and if either side predom- 
inated, the result would be, either a foxhound or a pointen 
Hence, we may come to the conclusion, that the fossil 
remains of animals, which present distinctive characters, 
dilfehiig from s{)ecies or orders now existing, never could 
have been the originals, by change of chmate, or circuoh 
stances, gradually changed to the present species; but 
that the distinctive traits of these ancient races, would 
have remained the same, had they lived and flourished to 
the present time. 

MEANS OF DISTINGUISHING FOSSIL BONES. 

303. Before proceeding to the description of individual 
fossil species, it is necessary, for the information of the 
student, to describe the method by which naturalists have 
been enabled, by examining their petrified remains, to dis- 
tinguish these unknown animals from each other, and 
from those now living; and to reconstruct not only entire 
skeletons, even where many bones are wanting, but to 
clothe the creature with a new skin, and to give him a 
snout, a proboscis, or other fleshy organ, where the stony 
frame indicates that such parts were possessed by the 
original animal. All this has been repeatedly done by the 
acute and laborious Baron Cuvier, who, we repeat, was 
the father of this science; and who. by constant devotion 
to this his favorite pursuit, brought it to a degree of per- 

What is said about the change of species ? Would the fos«il animals 
have changed, had their races lived to this day ? What is said of Uie reocm- 
struction of animals ? 




The principle od which ihis discriininatioa is founded, 
m the pecuhar ami perfect organization of each epccies. so 
Iniut one part is invaxiably aud exactly adapted lo another, 
|mul is as clearly indicated by it, as a oeck indicates a 

titead. £lach animal constitutes a. whole, one systematic 
i Qjrcle, whose parts are in mutual correspondence, and con- 
' €ur to the same definite action, by a reciprocal reaction. 
t Nome of these parts can change without symmetrical 
' ^ange in the others; and hence each, taken by itself, 
indicates, and gives form to all the others. 

304. Camioarous animals. — Thus, if the organs of an 
animal are so constituted as to digest only raw flesh, its 
jaws iDiist beconstnictedfordevouringits prey; its claws 
for seizing and tearing; its teeih for cutting and dividing ; 
tbe «utirs system of its organs of motion, for pursuing 
and overtaking it ; its organs of sense, for descrying it at a 
distance ; and even its brain must be qualified for exer- 
cimDg the instinct of self-concealment, and the art to 
ensnare its victim. Such is the general condition of the 
caiTtivorous temperament, every animal endowed with 
which, must combine them ail, for otherwise its race 
could not Bubsiat, 

For the jaw to seize its prey, there must ha a certain 
kind of articulation, which gives prominence, as in the 
hon and cat, to the cheeks, and fiia the bones to receive 
the insertion of strong muscles; for without these, any 
such articulation would be useless. To enable the ani- 
mal to carry off its prey, there must be a certain degree of 
strength in the muscles of the neck, and hence results a 
determinate form in the vertebra, and the hind part of the 
head, to which these muscles nre attached. 

Whoever will compare tlie bones of a rabbit with those 
of a cat, will see howv-iheae parts differ; and if he will 
study the subject, he will soon convince himself why the 
bones of the mbbit, independently of the teeth, could not 
have been fitted for the purposes of a rapacious animaL 

For the cinwa to seize the prey, there must be a certain 
mobility in the talons, and a certain degree of strength 

Slier fitted ihu ihoie of 
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in the toe-joints, which the rabbit does not possess; ami 
hence there must be a corresponding distribution of tbt 
muscles and tendons, so that lightness and power maj lie 
combined, as may be seen in the cat. The shoulder-bon« 
in such animcLls must have great fimmess, otherwise tbt 
legs will not be fitted for the uses of the claws ; and thii 
firmness of bone is thus prepared to receive the inseitioii 
of strong muscles, by which the required power is given. 

It is unnecessary to show how the other parts of a 
prowling animal are adapted to each other, so that the 
whole machinery of bones, muscles, joints and tendoofl) 
all combine to the accomplishment of the same end. The 
parts of any animal are indeed ^a collection of wondeiB;" 
and he who does not behold in them the traces of Infinite 
Wisdom and design, must either want understanding or 
sight. / 

In a word, says Cuvier, the formation of a tooth indi- 
cates the structure of the jaw, and its kind of articulation; 
the structure of the shoulder-bone, shows the form of the 
feet, just as the equation of a curve involves all its prop* 
erties ; and as, by assuming such property separately, tf 
the base of a particular equation, we should so produce 
both the ordinary equation, and all its properties; so the 
nails and shoulder-blade, indicate the articulation of the 
jaw ; the thigh-bone, and the other bones, taken separately, 
give the form of the tooth, or are given by it in their turn. 

305. How species are distinguished. — Since the mechan- 
ism of every animal involves certain fixed and invariable 
principles and proportions, which belong to the whole race, 
by ascertaining what these are, we can readily distin- 
guish one tribe or species from another, though the difk- 
ence may be ever so sUght. To the common observer; 
the entire skeleton of a horse would be readily distin- 
guished from that of an ox, by the siaeand proportion of 
the whole ; and by comparing the thigh^nes of the two 
animals, he would readily distinguish them, and thus take 
one step in comparative anatomy; for now he would be 
able to distinguish a horse from an ox, merely by inspect- 
ing a single bone. 

It is plain, from this single example, that by the constant 
examination of the bones of different classes, genera and 

What is said of wisdom and design in tbiBjConstruetion of aaimalf T 
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ties of animals, the observer might attain great perfec- 
in this art; so thai even without comparison, he would 
^o able 10 decide in an instant, whether a given bone 
Jy longed to any living- genera of animals or not; and by 
^Asser care and comparison, to point out those diHerences 
^rtich distinguish the osteology of one species from that 
^tnother. 



306. The Mastodon, or Mammoth, whose bones have 
been found in various places in this country, is an example 
irfan extinct species. If an animal of such magnitude 
was still living in any part of this country, there can be 
no doubt but a knowledge of Ibe fact would lon^ since 
kave been communicated to the whole civihzed world. 
Our adventurers, or exploring parties, have crossed nearly 
•^eiy degree of latitude and longitude on the American 
continent, and are now more or less acquainted with nearly 
9V6ry Indian tribe; and yet nothing, except some vague 
Umditiona, has ever tranapued concerning any animal 
larger than the Bison or Moose. No doubt can exist, 
therefore, that the entire race of the Mastodon has long 
■ince been extinct. Nor can there be any question, that 
this animal ia a distinct species from the elephant, which, 
in its osteology, it more nearly resembled than any other 
known species, whether fossil or recent. This is proved 
by the size and form of its bones, especially its tiiaks and 
grinders, many of which have been compared with those 
rf the elephant now living, and the specific differences 
■pointed out. 

But it has been suggested by several naturalists, that 
more or less of the unknown fossil species, of the second 
or third magnitude, might now exist in parts of the earth 
still unexplored. On this point, we quote Baron Cuvier; 

307. "If," says he, "we examine what epecias of quad- 
rupeds have recently been -found, and in what circum- 
stances they have been discovered, we shall see that there 
ia bm little hope of ever finding those that we have only 
seen as fossils. Islands of moderate extent, situated at 
a distance from exlei^tve continents, have veiy few quad- 
rupeds, and these always of small size. When they have 
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large ones, it is because they have been brought fiom d«- 
where. Bouganville and Cook found only dogs and hoff 
in the South Sea islands ; and the largest species in tM 
West Indies, was the agouti, (a species of hare.) In fatit, 
only large territories, such as Asiet, Africa, America, tnd 
New Holland, have large quadrupeds, and, generally speak- 
ing, peculiar to themselves." 

308. Animals known to the ancients. — The ancients were 
acquainted with all the animals now known, (of any coo- 
siderable size,) except such as have been discov^ed in 
America and New Holland The Qreeks were acquainted 
with the elephant, and the double and single-homed ihi- 
noceros, and both these animals were common at Roma 
Heliogabalus exhibited the hippopotamus and girafS), or 
camelopard ; the former, it is beUeved, has not been since 
seen in Europe. The two species of camel, one of which 
is now called the dromedary, were known to the Ronuma 
in the time of Julius Caesar. The bu&lo, the wild, ox 
the ox without honis, and the little ox, no larger than the 
goat ; the sheep with the great tail, and the great sheep 
of India, wore all known to the ancients, for they have 
left descriptions of them. 

The Romans exhibited lions and tigers by the hundred; 
they also showed hyenas, and even the crocodile of the 
Nile. Even the Zebra also, which is found only in South- 
ern Africa, graced their shows, and they were acquainted 
with the most remarkable species of the Ape-tribe. Theee 
facts show, that the ancients were acquainted with all 
the quadrupeds of any consequence in the old world, and 
that natwralists, in later times, although they have reduced 
Zoology to a science, and have described many smaller 
animals, which were probably unknown to the Greeks 
and Romans, have still failed to discover any Mamma- 
lia of consequence, with the exception of those of Amezica 
and New Holland. 

It is quite improbable, therefore, that any of the larger 
quadrupeds, or even amphibious animals, now considered 
extinct, except perhaps some small ones of the latter kind, 
are still any where in existence ; and since it has been 
shown that they are distinct specji^s, and not varieties of 

What animals are enumerated with which the ancients were acquainted ? 
What is the conclusion with respect to the existence of any of the fbiiil 
animals ? 
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those now known, there is no doubt but these entire races 
have been destroyed by some violent catastrophe. 

309. When, and hy what means^ did these races perish ? — 
At what period of the world these ancient races of quad- 
rupeds were utterly swept from the face of the earth, and 
90 many of them buried at various depths, under what now 
are sohd rocks, and by what means such a catastrophe 
-was effected, are highly important questions in geology ; ^ 
but to these little else than hypothetical answers have 
Veen, or can be given. Many geological writers of the 
luTBt class, and especially Dr. Buckland, have attributed 
this destructive calamity to the deluge, described in the 
Scriptures, and especially with reference to the more 
recent species, or those having examples still existing. 
The remains which occur in what geologists have been 
wont to call Diluvial formations, as being the effects of the 
Koachian flood, and particularly those found in various 
caves, are considered of recent origin, when compared with 
the fossils of the Tertiary strata. The latter formations 
no geological writer believes to have been the effects of 
any sudden or temporary diluvium, since the number, and 
often the depths of the strata, are evidence that these rocks 
are due to often-repeated irruptions of water, sometimes 
at long intervals of time from each other. Besides, these 
fiimnations often contain vast quantities of sea-shells, 
with all their sharp and prominent points remaining per- 
fect, clearly showing that they were not swept together 
by floods, which would have denuded these deUcate 
angles ; but, on the contrary, that they perished, and were 
buried where they are now foimd, apparently by gradual 
and gentle depositions of sand or mud suspended in still 
water. Such are the strata in which are found the remains of 
quadrupeds, intermingled, not only with marine shells, but 
also with the relics of fish and reptiles ; the entire phenom- 
ena, to all appearance, provmg that these formations were 
made in deep sea-water, though at the present day they 
may be scores, or even hundreds of miles from the ocean. 
That these accumulations, thus formed in the sea, have 
become dry land by the elevating power of volcanic forces, 
will be shown when ve come to speak of volcanoes and 
their effects. 

Which are the most ancient, the diluvial or tertiary fossils ? What are 
the facts to prove that the tertiary strflta w^re formed un4er the sea? 
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310. The fossil bones ofnutn not found. — ^In addition to 
the above objections to the probabilitj that the extinct 
species of Mammalia owe their final exit to the genend 
deluge, is the fact, that at that period, the earth contained 
millions of human beings, the remains of not one of whom 
have yet been discovered in any of the accumulatioDi 
attributed to its effects. We must therefore conclude that 
these extinct races, the remains of which are found im- 
bedded in strata, hved before the creation of our race, and 
perished by some catastrophe, of which our sacred recoidi 
contain no history. Nor does this supposition present any 
incompatibilitj^ with the Mosaic account of the creation, 
since it will be seen hereafter, that from " the beginning," 
when the heavens and the earth were created, down to the 
creation of man, the geologist may claim an indefinite 
period of time, and more than this we think no reasonable 
philosopher would desire for the formation and growth of 
the most ancient strata. 

Li many instances, the appearances are such as to give 
grounds for the supposition that the whole of each extinct 
family i^erished at about the same period, their remains 
being found in similar strata, and apparently formed at the 
same jxiriods of lime, though existing in various and dis- 
tant parts of the earth from each other. Thus, the trilo- 
bites occur in similar formations, wherever they are found, 
indicating that the race perished at the same period, and 
while the same strata were forming in various parts of the 
earth. The same is true with respect to the races of ex- 
tinct quadrupeds. 

311. The Donp. — It is probable that some races, or at 
least one species certainly, has perished gradually, and with- 
out any known catastrophe. This is the Dodo, a large 
bird, figured and described by many former naturalists. It 
api^ears that during the early voyages of the Dutch navi- 
gators to the East Indies, this bird existed in various places, 
and particularly on the island of Mauritius, where it was 
not uncommon. Linnaeus described it under the name of 
Didus. Brooks, in his Natural History^ London, 1783, 
says, the Dodo is a large heavy bird, with short legs, great 
black eyes, large head, covered with a membrane, resem- 

What are the objections to fossils being buried by the deluge ? Have the 
bones of man ever been found in the fossil state ? What is said of the 
extinction of the Dodo ? 



1 hood, or cowl; bill, bluiali white, of great length, 
p and hooked at the end ; body covered with feathera, 
much like of those of nii oBliich; legs yellow, with four 
stiDDg toes. He further sltiie^ that it is a simple bird, 
-Bwallowa Btonea, and is easilv taken. Its flesh is good 
and wholesome, and three or four are enough to dine one 
htindred sailors. 

Mr. Ljell says, that many naturahsts gave figures of 
lh« Dodo, after the commencement of the seventeenth 
century, and that there is a painting of the bird in the 
British Museum, which is sR,id to have been taken from a 
living individual. Beneath the painting is a leg, in a fine 
slate of preservation, which, ornithologists aie agreed, can- 
lOt belong to any other bird. 

That this race has become entirely extinct, appears from 
the fact, that after the moat active search in the countries 
where it was once known to exiBt, made repeatedly during 
the last century, no traces of such a bird can be found ; 
and Cuvier {^Animal Kingdom) says, that the Dodo has 
completely disappeared, nothing remaining of it at present, 
but a foot in the British Museum, and a head in the Aah- 
molean Museum at CJxford. 

312. AsiMALB Extirpated. — This, it is believed, is the 
only jnatauce known to naturalists, where an^ species of 
animal has become extinct within the histoncal era. It 

I is, however, iroe, that the increase of the human species 
has, in various countries, entirely extirpated whole races of 
Bnimala, from districts where formerly ihoy were abundant, 
'i'hus, the beaver, once a native of Scotland and Ireland, 
where it was eagerly sought after for iis fur, became ex- 
tinct in those countries during the twelfth centuiy ; and 
r' the wolf, formerly so much dreadeit in Ireland, has for 
more than a century been entirely unknown in that coun- 
try. The bear and wild boar, also once beasts for the 
chase of the royal huntereof Wales, haveaeveml centuries 
, Bince entirely disappeared from that country. 

In our own coimtry, many animals, well known to our 
forefathers, have been entirely driven from the more popu- 
lous districts and states. The bear, deer, panther, the 
wild turkey, and perhaps the elk, were all abundant in 
*taost parts of New England, only a century, or, at most, a 

Ciimkls ue said la hu 
lidofihe BipulsjDD 
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century and a half ago. Now, with the exception of the 
northern districts, where a few of these species are found, 
they are. in the wild state, totally unknown. 

313. 'J'ln: 1:5is()N. — And with respect to the Bison, where 
formerly, and even within twenty-five years, travelers infonn 
us their numbers were so great, that the eye could not at 
the siime time reiich the beginning and end of the drove, it 
is now said that few remain ; and that in large districts of 
coimt ry, where, within the memory of the Aborigines, these 
animals were abundant, not one at the present day is to 
be found. This, it is said, is not owing to their change of 
location, but in part to the improvidence of the natives in 
destroj'ing, with their rifles, thousands, of which they 
make use only of their skins in barter with the whites, and 
in part to the eagerness of the hunters of the finr compa- 
nies to ix)ssess themselves of their flesh for food, and their 
robes for sale. It is therefore the opinion of well-informed 
persons on this subject, that at the present rate of destruc^ 
tion, which is constantly increasing in proportion as civil- 
ization, or rather the arts of destruction, advance in that 
country, the time is not very far distant, perhaps even 
within the present century, when not a wild Bison will be 
foimd within the immense territories now known to civil- 
ized man. If these predictions are true, the time will 
come when the Bison, if not domesticated, will only be 
known to naturalists as an extinct, or fossil species. 
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314. Having given a hst of the orders of the Class 
Mammalia, (295,) which arc found in the fossil state, and 
having given a general account of fossil quadrupeds (296); 
also, the number of species determined by Cuvier (297) ; 
having shown that the extinct species are not varieties of 
those now existing, and pointed out the method of discrim- 
inating fossil bones (303) ; also, how species ate.4istin- 
guished ; and having examined the question whether any 

What is said of the destruction of the Bison ? 
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tmknown quadrupeds still exist (306) ; and shown what 
animals were known to the ancients (308) ; having also 
examined the question, by what means did these races 
perish ? (309) ; and stated that fossil bones of our own race 
have never been detected (310) ; and finally, shown that 
one species, the Dodo, had become extinct within the pres- 
ent age, and that the Bison in all probability would ulti- 
mately be known only as a fossil species, we now proceed 
to the examination and description of individual fossil 
mammalians. 

315. Cetaoea, {the whale family.) — There are many 
species of this genus, measunng from fifteen or twenty, to 
sixty or seventy feet in length. The family are inhab- 
itants of all climates, from the tropics to the arctic ocean. 
The northern Pacific is at present the great whaling 
ground, where hundreds of ships, of diflferent nations, are 
constantly employed in their destruction. In 1846 there 
were, from the United States alone, seven hundred and 
twenty-eight vessels, and upwards of twenty thousand 
seamen employed in this fishery ; and still intelligent cap- 
tains inform us, that although these monsters of the deep 
often change their ground to avoid their persecutors, their 
numbers do not appear to diminish. 

316. Although there is no danger that this family will 
become extinct, at least during many centuries, yet there 
are perhaps no large animals, at the present day, so liable 
to become fossils, or at least to be entombed in alluvial 
accumulations, as these ; being, it is well known, con- 
stantly exposed, during storms, to be stranded, especially 
when they happen to stray into unknown waters. 

During easterly storms many such instances have hap- 
pened, within the memory of man, on our coasts ; and Mr. 
Lyell records a list of such accidents on the shores of 
Britain. These large creatures draw^ as the sailors say, a 
considerable depth of water, and when strangers to the 
coast, or out of their reckoning, are liable to run into shal- 
low places, which, happening at high tide, when the ebb 
commences, they become helpless, not merely because they 
are out of the water, (since, as we have already seen, they 
are air-breathing animals,) but chiefly because their new 

What are the Cetacea? What are the sizes of this family? What cli- 
'mates do they inhabit ? Where are they cliiefly found I W hat number of 
ships and sailors ? NVhat is said of the stranding of whales ? 
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and fearful situation induces such violent struggles, as to 
bruise the flesh in a manner which, after a while, perhapi 
several days, produces their destruction. If this misfor 
tune happens in the vicinity of any inhabited coast, the 
poor animal is not allowed to struggle long, but is soon dis- 
patched for his oil, and the bones left to be buried in the sand. 

317. In most instances, the remains of whales are found 
in alluvial accumulations near the sea shore, but some ex- 
amples are known where these bones are elevated consid- 
erably above the level of the water. Thus, on the bank 
of the river Forth, in Scotland, lies the skeleton of a whale, 
seventy-three feet long, imbedded in clay, twenty feet 
above the highest tide. From circumstances with respect 
to a Roman camp, which was once near the spot, it is sus- 
pected that this animal was stranded before the time of the 
Christian era, but by what means the bones were elevated, 
no one has offered to explain. On the east end of Long 
Island, it is said that the remains of a whale, at a consider- 
able distance from the shore, though but little above high- 
water, were to be seen within a few years. The accumu- 
lation of sand, by the action of the waters of the Atlantic, 
readily accounts for its present distance from the shora 

II. FOSSIL RUMINANTS. 

318. The fossil remains of the ctid-chewers, as the deer 
and elk, are quite numerous in the alluvial deposits and 
in caves, in many parts of the world. The following list, 
although not all ruminants, is stated by Mr. Lyell to have 
been foimd in a marl-pit in Farfarshire, in Scotland. 
They all belong to species which now inhabit, or are 
known to be indigenous in Scotland. The skeletons of 
several hundreds have been procured within the last cen- 
tury, from five or six small lakes, where shell marl is 
worked. Those of the stag {Cervus eUphas) are most 
numerous ; and if the others be arranged in the order of 
their relative abundance, they will follow nearly thus: 
the ox^ the hoar^ the horse ^ the *A«cp, the dog^ the Aare, the 
fox, the wolf and the cat. 

By what means such an assemblage of animals, so 
widely differing from each other, came together at this spot, 
it is difiicult to imagine. In the greater part of these lake 

What is said of the remains of a whale in Scotland, and on Long Island? 
What are tiie ruminants I 
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I, sayg Mr. Lyell, there are na signs of floods ; and 
We expanse of water was originally so confined, that the 
Bmalleat of the above-mentioned quadrupeds, could have 
crossed by swimming from one to the other 

319. IttisH Elk, — But the moat celebrated fossO of this 
family, ia thai known under the name of the great Irish 
Elk, the bones of which have been found in immense 
quantities in the superficial inarl-pits of Ireland, in the 
isle of Man, and sometimes in England. A skeleton, 
almost entire, discovered in the lale of Man, in a pit of shell 
marl, at the depth of twenty feet, ia six feet high, nine 
feet long, and to the tip of one of the antlers, nine and a 
half feet. Some of the antlers are of such iuimenso size, 
that from tip to tip, aa they stood on the animal, they 
measured fourteen feet. 



320. These, as already explained, are the thici-skintted 
animals, as the elephants and mastodons. The geoera of 
ihia order, determined by Cuvier, are the following, viz : 
Elephant, Mastodon, Rhinoceros, Hippopotamus, Tapir, 
Hog, Horac, Daman, Pecaris, Phacocheres, Anoplothe- 
rium, Palaotherium, and Elasmotherium. I'hese are 
termed non-ruminant hoofed quadrupeds. 

Genua Elefhakt. — Of this genus there are three dis- 
tinct species, two of which, the Indian and African, still 
exist, ihe third having been found only in the fossil state, 

1. The Indian Elephant ia found ou both sides of the 
Ganges, and in Borneo, Java, Sumatra, and other Indian 
islands. This species is characterized by an oblong skull, 
concave front, small eara, with grinding teeth marked by 
ribands, or plate-lines, which are waved. 

2. The African species is found neat the Cape of Good 
Hope, Senegal, and Guinea, It has a rounded skull, large 
ears, and grinders with lozenge-shaped lines on their crowns. 

3. Fossil, or primeval Elephant, [Eiephas primigenms.) — 
This ia the mammoth of the Russians. It has an oblong 
skull, concave front, very long bony sockets for its tuska ; 
lower jaw-bone obtuse, grinders parallel, and marked with 
nearly parallel and hltle waved ribands on the crown. 



Thfl HliMlenl in comparative anatomy will cAncnebf 
wliiLt ilifli-nxiri-H (tf oHHcouii form, or atruclure. erne speciet 
U HciHiniinl fniiii iinoiliL-r. Thus.in the above descnptiou^ 
till! (iMnA ri|ii('iiHiiii]H!ar lo differ from the liring, chieflj tf 
a i;ni[it<'r iiniji'iUiiiu of the sockets of the tusk£. and a 
attiiill viiriittioii in tlie inurkings of the giindeis and (mm 
of tlm jiiw. 
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H'Jl, This lUfTert'iico will bo best observed, however, by 

rimi|iiiriiiK the lif;iiroa of the grinders, as shown by Li^ 
(iri, wlifi'i' ihiil im lUe h'fl hand, Fig. 1, represents me 
iiiiiirr jiiw 111' ihc living hidiiin species, and that on the 
riffli'. i'lH -, ilm i-orrfa]Kmdiiig pari of the fossil elephant. 
'I'liii Hiili'M iif iliiit iif ihi' living species, converge nearly 
liifi'i'lUt'riilllii'liiwi'vparl.rtnd it has a projecting point at jl, 
I'litiiiwiil with II Uiuj; narrow cannl. The teeth also con- 
vnTf^ti, iijid lliti iuciiualilii'M, or ribands on the crowns, are 
waving tim-n, niuuiiift i»ljlir|nely crosswise. The teeth in 
tlm fiiMHil jaw Hlanil nearly parallel to each other, and the 
raiml in friint i«nnich Hhorter and wider, and without the 
pn>jii('liii^ |Huut. The ribands, also, in these are not 
tilihitiir, iia lu ihti livin;r, but run transversely across the 

lullu'lwii liviufT mvcii's, the sockets of the tusks (aloe- 
«/() <''> ntii tixtiHi.l riirihor down Ihan the end of the lower 
jiiw, Hii ilnit ihr I'hiu has nwm to protrude between the 
liifkN in a pdiiiU'd imywiion. But in the fossil head, on 
ucciiimi ol' tUf grt'iii Umgthof the tusk sockets, the lower 
jaw hiia ihti appt'arauce of having been truncated, or 

Whsi .[»il,. ,-hi.-f Jiir.-n-nrv. bflwtenlhe liiing >i>d Ibml ipeoiMl 
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s lower end, so as to admit of its being closed 
' **■ riie upper one, hy means of which the lips come to- 
gether in the act of masiication, eonttaiy to whnt lakag 
place in the liviQg species. These, with other differences, 
in ihe osteology of fossil and living elephauls, which need 
not here be detailed, make it certain that the fossil species 
belonged to a race of animals, none of which are now in 
existence. 

322. Teeth of the same species alike. — In all animals of 
the same species, and ages, the teeth are precisely alike 
in fonn and number, and therefore whene\'er we find merely 
a aimilaiily, and not an identity, in these respects, we may 
know thai the itpwcies are different, though the genus may 
be the same. The form of the jaw also diflers, more or 
less, with that of the teeth. 

3'33. The fossil most nearly Tcsemhled the Indian Ele- 

{haul. — The fossil elephant more nearly resembled the 
ndian, than the African species, but difCbred from both jn 
the form and miirkiogs of the grinders, as above shown ; 
also, in the great size of the tusks, and especially in the 
projection of the tusk sockets, as shown by Lign. 66, a. 
This last peculiarity must have very much modified the 
figure and organization of the proboscis, ard given to this 
elephant a physiognomy, differing much more from the 
Other species, than might be inferred from the small differ- 
ence in the general structure. Its size was about that of the 
Indian elephant, say from ten to thirteen, and even some- 
timea sixteen feet in height. The grinders of this species 
are ten or twelve inches long, and have twenty-four rib- 
ands, or enameled plates, raised above the surface, and 
crossing their crowns. 

Great number of fossil Elephants' remains. — The bones 
of fossil elephants have been found in many different 
countries, and sometimes at several localities in the aarae 
dialricls. In nearly every part of Siberia, as high as lati- 
tude 63°, wherever a river happens to undermine its banks, 
the bones of these animals are discovered. In some places, 
they have been found in such abundance, that large quan- 
tities have been Transported to other countries, as a valua- 
ble article of commerce. Indeed, it is said, that at the 

What difforenco can you show beiwem ilie jnir-bone of Ihe tBoent aud 
((lUil elepluint? Wbat dilTirence in iheir Ktiudeni? Wbal wu the liie 
of tha fbnil elephul ! Howlugewere ibegrmdireiD Uiuspecinf 
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present day, a considerable portion of the ivoiy emplojel 
in the arts, is of the fossil varietj'. Of course, these are 
not jietrifu'd. 

324. Found in the vale of the Arno. — ^In the valley of thfi 
Anio, near Florence, in Italy, so great was the accumuk^- 
tion of these bones, that it is said the inhabitants fonneily 
used them in making fences between their fields. These 
bones, tusks, and grinders, are also found in France, in 
Germany, in nearly every part of Italy, where a monusai 
marsh, or gravel-pit is opened ; also, in the Netherlands, 
Holland. Russia. Bohemia, in many parts of England, and 
in the northern parts of North America. A remarkable 
localit}' of these relics was many years since discovered 
at Thiede, near Wolfenbutel, in Germany, where eleven 
tusks and thirty grinders were disinterred, within a short 
distance of each other. One of these tusks was fourteen 
feet eight inches long, and bent into a perfect semi-circle. 
In nearly every gravel-pit around London, the bones of this 
species are found. T\i^y have also been discovered in 
many other localities, hi various parts of Great Britain. 

325. These discoveries prove, bej^ond doubt, that this 
race of animals must, at some former period of the world, 
have been exceedingly numerous ; and that they inhab- 
ited nearly every portion of the earth. At present, this 
genus is found in hot, or temperate regions only. Whether 
the temperature of the earth differed at the time when 
these animals perished, from what it now is, can only be 
inferred from many circumstances respecting plants, as 
well as animals ; and from all of which, several geological 
writers have concluded that our terrestrial abode, more 
than one half of which is now clothed in ice for at least 
half the year, once, every where enjoyed a tropical 
climate ; and that organic nature, instead of Ijdng donnant 
during a considerable portion of the year, flourished peq)etu- 
ally, enjoj^ing a perennial spring. {See change of climate.) 

326. Formations in which these hones occur. — The mam- 
malia, though sometimes found in strata mixed with sea- 
shells, being probably drifted into the sea by land-floods, 
are more commonly disinteiTed from the most recent for- 
mations, as the alluvial or diluvial accumulations, or what 

What is said of fossil ivory ? How widely arc the remains of the fossil 
elephant found? What do these discoveries prove ? What are the foriua- 
lions in which fossil elephants occur ? 
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fjitets at preaent call drift. In many inatancea, 
&> localities of these bones, were evidently once ponds, or 
lakes, or perhaps peat-bogs, into which the animals were 
dhven by floods, or venturing too fat, perhaps, for drink, 
Bunk into the mud, and there perished. Some of these 
mnaina are also found in tertiary limestone strata, of the 
' iBOte recent epochs ; but no quadrupeds of this class have 
Oectured in the more ancient fonnations with the ea4y 
rinlU or plants. 

8-27. Elephant preserved in ice. — In the summer of 
1798, a fisherman discovered, at the mouth of the river 
Lena, in Siberia, a dark-colortd mass projecting from the 
ic^ which attracted his curiosity; but being far above his 
reach, he could not determine its nature. The nest year, 
pnng 10 the same place, he found that the mass had been 
partly disengaged by the melting of the ice around it ; but 
etUl the man wtks unable to decide what it might be, as it 
was more than one biuidted feet above him, and inaccea- 
sible to his approach. The man continued to pay yearly 
visits to the spot, but was unable to determine what he 
had discovered, until 1803, during the summer of which, 
it fell down on a sand beach of the Arctic ocean, ao ae to 

The fisherman now obtained a prize ; for having de- 
tached the two tusks, he removed and sold them for fifty 
roubles. The flesh of the liuge animal had undergone no 
decomposition, having been almost entirely aurrouuded by 
the frozen maaa, untU nearly the time of its fall. 

The fisherman having made known his discovery, nu- 
merous persons visited the spot from curiosity; but it does 
not appear that any one who appreciated such a phenom- 
enon, or who was disposed to report the circiunatances to 
the world, saw it until 1806, three years after it had fallen, 
when Prof Adants, of St. Petersburg, went to the spot. 
It atiU remained on the sand, bm the body was then much 
mutilated, the people in the vicinity having carried away 
large quantities of the flesh to feed their doga ; nor had the 
while bears failed to regale their appetites on this ante- 
diluvian delicacy. The skeleton, however, remained quite 
entire, with the exception of one of the legs and the tusks. 
The head remained covered by the akin, and the pupils of 
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the eyes were Biill to be dtstinguiahed. The bnin, a 
opening ihe ekult. was fouod not quUe filling its cavilj, 
being somewhat dried. One of the ean was well pn- 
served. i^iill leiaining its fonn. with the long hair wluch 
grew upon it. Ibis animal was a male, and had a muw 
of considerable length, still on the Deck. 

The skin, when detached, was bo heavy, that tenmn 
removed it with difiicultr. More than thirty poumb of 
hair and bristles of this animal, were gathered from ihe 
beach, where it had been left and trampled upon by the 
white bears, when tearing and devoniing the flesh. The 
fanir wad of three kinds, kiz: stiff black brisiles, afoot ku^, 
coarse li;iir. of a reddish color, and a woolly coveiing neil 
the skin, of the sume color. 

The skeleton of this elephant was taken to St. PetMS- 
burg, and the tusks having been procured, the whole w»b 
set up in the Museum of that city, where it remains lo the 
present lime. The head and tusks of this animal are rep- 
resented by Lign. 66, as drawn up by Mr, Stokes, who aUo 
gives the description as above detailed, in the Ed. Qtar. 
Journal; Fint Series, p. 9G. 




328. Siie and form of the tusks. — It will be observed 
that these tusks are of enormous length, and that they 
fonn nearly a circle, differing greatly, in form and size, 
from those of the elephant of the present day. The jao- 

Itow do tho liuluofthe foasil difleilraia ihoie of the Uiing elephtiitt 
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jection of the tusk sockets, marked a, may also be observed, 
and which, as ah-eadj noticed, are pecuhar to this species. 

This skeleton is about 9j feet high ahd 16^ feet long; 
and when it is considered how much the cartilages, flesh, 
and skin, added to his height and dimensions, it must be 
obvious that this animal was of enormous magnitude. 

329. Rhinoceros preserved in ice. — The hair with which 
the above-described elephant was covered, would seem 
to indicate that it was fitted for a cold climate; and in 
addition to this instance, Prof Pallas records the fact, 
that on the bank of one of the tributaries of the Lena, 
there was discovered an entire Rhinoceros, well preserved, 
and covered with hair, which was particularly long about 
the feet, the whole forming a warm covering, like that of 
an animal prepared for a cold climate. 

.-/30. Different species fitted for hot and cold climates. — 
From the above circumstances, it has been argued by some 
naturalists, that the bones of the great quadrupeds found 
in all climates, and of genera which now inhabit only hot 
ones, were of species so different from the latter, that they 
were fitted for the cold climates where their remains are 
found ; and hence, that it is unnecessary to suppose that 
they were either transported from warmer climates, or that 
the climates where their bones are now found, have suf- 
fered any change. But there is a difiiculty in this theory, 
since, if Siberia was never warmer than at present, it is 
impossible to believe that it should have ever produced a 
quantity of vegetation, sufficient to have supported such 
herds of enormous animals, as their bones now indicate, 
even during the summer, and much less during the eight 
winter months of that climate. 

331. Genus Mastodon. — The name comes from two 
words, which signify a "little hill" and a "tooth," in allu- 
sion to the prominences or tubercles, which the crowns of 
their grinders present. The form of this crown is similar 
to that of carnivorous animals ; and hence, when little was 
known of fossil bones, it was supposed that the Masto- 
don had been a flesh-eater, an error fully refuted by Cuvier. 
The form of the Mastodon's grinder is represented by 
Lign. 67, the tubercles, or hilly points, being a little worn 

What is the size of this skeleton ? What theory has been formed, with 
respect to the hairy covering of the elephant and rhinoceros ? What does 
Mastodon signify ? 
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Nvmber of spfcifs. — The enlire genua mastodon, popu- 
larly cnlleJ marmnotk, is extinct; but from their bones, 
Baron Cuv-ier dolerminei! six species, Hz: 1, The greal 
Mastodon, 'i The Mastodon with narrow teeth. 3. Tha 
Mastodon of the Cordilleras. 4. Tho Mastodon of Hum- 
boldt. 5, The small Mastodon. 6. The Tapiroid Masto- 
don. To these Mr. Clift has aided iwo others, making, 
in the whole, eight species. It appems ihal some, if not { 
all these species, were widely differeot from each 0lbeT,80 ' 
thtit in most cases the bones of one species onlv are found 
in the same coimliy. * 

The largest animal of this family has been found only ' 
in North America, viz : the Mastodon maximus, but no other ' 
tptfios has occuned in this country, li appears from its J 
romaina, that this species was common in all the south 
and weal parts of the United Stales; its bones having been ' 
found in varioiiB plaMs in Kentucky, Ohio. Alabama, New 
= o^;,! ». fo,. gagi j,B Berlin, in Connecticut. 

I perfect skeleton, except that [ 
's Museum, . 
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Philadelphia, which is 11 feet high and 15 feel long. 
"niis was found iu Orange counly, New York. The relicB 
of the other species are found in Europe, especially Ger- 
i^ny and Italy; also, in South America and in India. 




Mastodon Maximcs fkom Newbiirgh. — A lai^er and 
more perfect skeleton of the Mastodon maximus^ of Cuvier, 
than any hitherto discovered, hag been disinterred from a 
marl-pit, near Newburgh, Orange county, New Yoit. The 
following account of this magnificent specimen of the 
ancient mammalia, of our country, is derived from the 
"American Quarterly Journal iif Agriculture and Science," 
of which Dr. Emmons, of Albany, and Dr. Prince, of New- 
burgh, are the conductors. 

The skeleton was found by the workmen in the marl- 
pit, in August, 1846, and at the close of the second day 
they had succeeded in exhuming the entire skeleton, with 
the exception of the toes of one foot, which were probably 
carried out with the marl. 

The marl-pit is of small dimensions, and consists of a 
bottom of deep mud, on which lies the mart, then moss, 
and peat at the surface. I'he bones lay under the moss 
and peat, and only about seven feet from the aiuface. The 
back of the skeleton was upwards, and the whole position 
was that of an animal whreh had perished in ineffectual 
atrugglea to extricate itself from the mire. 

The moat curious and interesting of this pan of the nar- 
rative, is the finding, in the midst of the ribs, imbedded in 
the murl, and unmixed with shells or carbonate of lime, a 
f nuitlac, composed princ^ally of the twigs of tieea, 
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broken into pieces of about two inches long, and vaiyinff 
in size from very small branches, to those of half an incn 
in diameter. There was mixed with these, a large quan- 
tity of finer vegetable substance, like finely divided leaves, 
the whole amounting to from four to six bushels. This 
was undoubtedly the contents of the stomach, the same 
material being found to the distance of three feet in the 
direction of the last intestine. This being the only in- 
stance in which such a discovery has been made, it proves 
at once the herbivorous character of the genus, and the 
comparatively recent period of its destruction. 

Osteological Description. The skull. — The bones of the 
skull are of enormous size, and in a fine state of preserva- 
tion. The width, 2 feet 9 inches. The orifice for the 
spinal marrow, 3^ inches in diameter. The frontal-bone, 
between the orbits of the eyes, is 2 feet 4 inches wide. The 
cavity of the brain is small, occupying only the lower part 
of the skull. Between the origin of the tusks is a cavity 
as large as that of the brain. Length of the head, 4 feet 
1 inch ; weight, with the tusks, 694 pounds. 

The Tusks. — I'hc insertion of the tusks into the inter- 
maxillary bones, is 2 feet 5 inches, extending quite back 
to the orbits. Tusks, lOJ- feet in length, and 2 feet 1 inch 
in circumference where they enter the socket. " With re- 
gard to the direction of the tusks," the authors say, "we 
are convinced from observation of a number of skulls, that 
their direction is as accidental as the horns of cattle. 
Some follow the first curve downwards and outwards, the 
points in one which we have seen being eleven feet asun- 
der. In the skull of this skeleton, they first curve down- 
ward and outwards, till they are seven feet apart, when 
they are bent inwards and slightly upwards, till they ap- 
proach at the points within two feet of each other. The 
socket of the tusks is curved and flattened, so that it was 
impossible for the tusks to have tumed in them during the 
decay, as is supposed by many to have been the case." 

In the end of the lower jaw, and on the left side of the 
commissure, or junction of the two bones, is a small round 
tooth, or rudimental tusk, eleven inches in length, and one 
inch and a half in diameter, inserted into a socket seven 
inches deep. On the other side is a partial socket, as 
if another tooth had been there. These rudimental tusks 
show that the animal was a male. (See 336.) 
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The Neck and Back. — The bones of the neck are seven ; 
of the back, nineteen, and of the loins, three. The first 
seven bones of the back are characterized by very long 
spinous processes, the longest measuring two feet. 

The Ribs. — These are forty in number, twenty on each 
side, the longest measuring 4 feet 7 inches. 

The Scapula, (shoulder-blade.) — This is 2 feet 10 inches 
long, and 2 feet 9 inches wide, having a long sharp acrom- 
ion process. 

The Pelvis. — This large bone, to which the femur or 
thigh-bones are attached, measures 6 feet 1 inch across. 

The Femur, {thigh-bone) is 3 feet 10 inches long, and 17 
inches in circumference in the middle. Its head is 2 feet 
in circumference. 

The following are the dimensions of the entire skeleton: 
Length in a straight line. 
Length by the curve, . . 
Height of the head, . . 
Height of the back, . . 
Width of the pelvis, . . 
Length of the tusks, . . 

Weight of the whole skeleton, 2,000 poimds; estimated 
weight of the animal, 20,000 pounds. 

I'he above account shows this to be by far the most 
perfect, as well as the largest skeleton of the Elephant 
genus yet discovered. That it was the Mastodon maxi- 
mus, or giganteus of Cuvier, which belongs to the Elephant 
family, the above description sufficiently proves. The 
rudimentary tusks in the lower jaw (336) appear to be 
characteristic of the American species, and by which it is 
distinguished from all the others determined by Cuvier. 

332. First account of the Mastodofi. — Dr. Ure states that 
the first notice of what afterwards proved to be the Masto- 
don, is contained in a letter from Dr. Mather, in Ameritya, to 
Dr. Woodward, of London, dated 1712, intimating that 
bones and teeth of enormous magnitude had been discovered 
at Albany, and which he supposed to be those of giants. In 
1767, several chests of these remains were sent to Lord 
Shelburne, and examined hy the celebrated Dr. William 
Hunter, who gave the first scientific description of them, 
published in the Phil. Transactions, for 1768. 

Where is the Mastodon first mentioned ? What species in this country ? 
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333. Great numbers found at Big-Btme UcL'^THnt 

ta(Mi remarkable locality of these reioazi* ia \hz^ or pin- 
\mh\y siuy othf;r counlry. is at Kg'-Boce itri^i:^ Kei-TaekT. 
At iFiJH place tlu; bones ace found imbedcuHl zn d&ik-eot 
onsfi fiiud and g'ravel, which appears orice :o Lare Mc& a 
(kj^ or niarnh. Hie water here is biackish. o^^s to the 
vicinity of Halt-springs ; and the great nuEiber of ingUmes 
Mn thoHf; of the animals which came to lick the sals, and 
|M*riHhf?(l in the mire of the vicinity. A traveler who vis- 
ited thiri place more than eighty years ago. saw porkms of 
the hones of more than thirty mammoths, as they were 
then caller!. Recently it has been estimated that the 
Hki^letons of mons than 100 mastodons, and f20 elephants, 
havc^ \h'A'.u (;arri(;rl from this vicinity, Very few of these, 
however, were (uitire, some wanting leg^.6ome heads. &€» 

X\i. Sizt: of the Mastodon. — The great Mastodon ap- 
{NMirn to linve iH^en abont the size of the Indian elephant; 
and HI fxtcriiiil apix^arance it probably did not differ mate- 
ria 11 y from that animal Its trunk, tusks, and feet, and 
tli(! whole sk(^l(;ton, appear to have been identical with 
tlinsp of tlu; el(;pliant, the chief difference being in the 
(Inital system, which, with respect to the grinders, has 
Ih'cii iilK)ve illustrated and described. 

X\!'t. Ihntal Sf/sfcrn oftlte Mastodon. — Gm^ier made some 
curious discoveries with respect to the teeth of this ani- 
mal. TIh^ number of grinders in the adult, as before 
slated, was fi)»ir ill each jaw. Of these, the two front 
ones, ill th(! up})er jaw, have six points, and the other two 
ill the saiuejaw have eight points, Lign. 67. In the lower 
jaw, the two anterior ones have also six points, and the 
poslerioroues ten. IJut it appears that the great Mastodon 
lijid, .vwrr/A-.v/iv7y, at least four grinders on each side of 
if s I wu jaws ; tlu>u»;h, as in the elephant, these teeth never 
all appenri'd at the same time. Their succession took 
plaet\ iu both animals, from behind, forwards. When the 
|»osteriur •i;riuiler began to cut the gum, the anterior one 
was gn»atly worn, and ready to dropout. In this way, 
they H'plaecMl eacli other. There does not appear to have 
In^ni ever more than two on each side at the same time, in 
full exercise, and in old age, only one. Thus the effective 

Wlint is NHul oi' th(> miinlK>r of Mastodons at Big-Bone lick ? Why is 
tUiN plutM* HO cullrtl { Wliat ^^*aa ihc size of the Mastodmi? What i» atid 
of iiw dental syNtnn of the Mastodon ? 



eight, bill in old age 
eigh from 10 to 12 pounds 



number of grinders in youth i 
only four. The large 

336. In the British Museum, there is a. aeries of speci- 
mens, illustrating the deatal system of ihc fossil elephant 
&nd the mastodon. From these it is proved that these two 
Buimals can hardly be regarded as distinct genera; for it 
is sttid the dental organs present every modification of 
Btnicture, froia the tubercular pcominenceE on the grinder 
of the mastodon, to ihd 'waved ribands of enamel on those 
of the elephant. This collection, it is said, also demon- 
Btrates that all the bones and teeth, apparently, of several 
species, and, na some have supposed, of distinct genera, 
iMlong but to one grand Mastodon, the M. gigaaleus of 
BaninCuvier; it also proves that the young mastodonhad 
a pair of tusks placed horizon tiiliy iii the lower jaw; and 
that but OJie of these was dovelo]wd in the adult, and that 
only in the male. M. C, p. S3 1 . 

Thus did the young mastodon present the singular spec- 
tttcie oi fiiur tusks; and it was from this circumstance 
that an Ataencan naturalist proposed a new genua, to bo 
called TuracaiilodoTif in allusion lo its number of Itisks. 

337. Genua Hippopotamus, {rive.r-li'Tst..) — There ia 
only a single species of this nnimal esiating. It is am- 
phibious in its character, inhabiting ihe large rivers of 
Africa, and feeding on the vegetables along their shores. 
When fiill grown, it is exceedingly unwieldy and dis- 
gusting in appearance, being about 12 feet long, 5 or 6 
feet high, and very thick set. The foaaii species deter- 
mined by Cuvier, are two, and perhaps three; all much 
smaller than the hving, one being only about the size of a 
wild boar. 

There is a peculiarity in the grinders of this animal, 
which appears to dtstuiguish its dental system from all 
others. The lineaments of the crown are three-lobed, or 
trefoil-like, as shown by Lign. 68, being the form of the 
second grinder on the left side, Tliia singularity will 
make the teeih of this genus readily knowtL This tooth 
ia seven-ninths of the natural size, ihe roots being con- 
cealed by a portion of the jaw. 
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The remiiiiis of iliii goniis nrc not nearly so numerous . 
ns ihose of llie clph iiit ihough in I iiscnny, conaiderahle 
niiraliere hnve bidi fo ind lho\ ha\c also occurred ia 
several \wns of England pirliciilnrlj in the Kirkdale 
cave. Perh)ii>s the paucily of these bones may be ac- 
counted for, by till, circumaianre of ihe amphibious balnti 
of ihia aiiiinnl anl tlicir inibihi> lo wander (Ofciny great 
distance from the ahon? so that their reninins mighl have 
been more ex)H)sel thin thos.e of the cliphant to have been 
8wo|>t into tlicsia 

3;tfi, (i.-ims Hn!^o<Flo■< {h ni^d tiosr.)— There an 
ihrcp cxi^iinK sprits of ihis genus 1. That of Inilia, 
wiih !i Hiiijrl'' h r i the nose an 1 1 nigous. plaiieil skin; 
the eutliiig-teeih IieiniT sepiiriilfsl by ii space from the 
grindrTs. i. Thai iif ihc Ciijic nf <iood Hope, with two 
horns, till- skin KiiiiKilh. without folds, and no cullinsleeth. 
a 'I'hiit of Sii!ii;dr,i, with two honis, the skin but slightly 
niiroits. ihiin n'setnhlinir tliul of the Cape, but having cut- 
ting leerh like thai of India. 

On coinpnring the tecih of thn exisiing species with 
those found in the fossil state, I'uvier determined (hat they 
■were so different ns to constitute another species of thn 
aiiimal. nnd whose remains are now lo be found only in 
the fossil slate. 

The remaiiis of the estinct rhinoceros were first discov- 
ered in sinking a well near Canterbury, in England, seven- 

WW is the incimiinj of RhinocereaT 



teen feet below the aiiiface ; since which, its bones have 
been found in. varioua parts of England, Germany, and 
Prussia. 

339. Megathehiuh, {a huge wild beast.) — Thiahaahere- 
tofore been the most rare of all the great fossil qiiadrupeda. 
The first skeleton was sent from Buenoa Ayrea, in South 
America, to Madrid, in 1789, where it was set up in the 
Royal Cabinet, in the manner which has since been fol- 
lowed by Mr. Peale, of Philadelphia, with respect to the 
mastodon, and Prof. Adams, of St. Petersburg, in preparing 
ihe Siberian elephant, as nlrently described. 

A minute description of the Megatherium, was pub- 
lished soon after it was moimted, iUuatm.ted by five cop- 
perplate engravings. This appears to be the only entire 
ekeletun yei discovered, and is represented by Lign. 69. 




Dr. Buckland, in the Bridgewater Treatise, has described 
.nimal, in more than twenty pages, with numerous 
B, In its osteology, it is alhed lo the Sloth, present- 
n apparent monstrciaity of form and structure, which 
! greatly perplexed the fossil osteologists who have 
attempted lo describe the habits of the animal from its 
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anatomical Btnicture and proportions. It was suppoeed, 
like the Armadillo, to have been covered with a bony aimor 
or shield, of an inch or two in thickness, fragments of 
which were found with the bones of the aiumaL 

"A covering of such enormous weight," says Dr. Buck- 
land, " would have been consistent with the general struc- 
ture of the Megatherium: its columnar hind-legs and 
colossal tail were calculated to give it due support ; and 
the strength of the loins and ribs, being very much greater 
than in the elephant, seems to have been necessary for 
carrying so iK)n(lerous a cuirass as that which we suppose 
to have covered the body." Bd. p. 127. 

It seems, however, that this animal was not destined to 
carry such a burden : further inquiries, and the discovery 
of other remains to which it appears these bony covering* 
belonged, having shown that it was not the Megatherium, 
but a colossal animal, called, by Prof. Owen, GlyptodoD| 
which wore the shield in question. 

The remains show that the Megatherium was an ani- 
mal of enormous size and strength. The length of the 
skeleton is 12 feet and the height 8 feet. The fore-feet 
are a yard in length and a foot wide, terminated by claws 
of corresponding size. Across the haimches it measures 
5 feet, and its thigh-bones are about three times as large 
as those of the elephant. 

340. Habits of the Megathef;ium. — With respect to the 
habits of this huge animal, its teeth showed that it lived 
on vegetables, while its claws indicate being constructed 
for digging ; that it most probably lived on the roots of 
trees, and, if so, perhaps it burrowed in the earth. What 
a phenomenon to the imagination at the present day! — an 
animal, larger than an elephant, running along under 
ground, like a mole, leaving a path behind large enough 
for a horse and wagon to follow, and perhaps at the same 
time throwing up a ridge on the surface that would stop 
the career of a stage-coach ! If he only burrowed Hke a 
rabbit, what a mountain of earth he must have thrown out! 

The length of the neck proves that this animal had 
neither tusks nor proboscis, like the elephant and masto- 
don ; since it could not have supported so heavy an appa- 
ratus at such a distance from the body. 

What is said of the armor of the Megatherium ? What of its habits? 
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!OAi.osnt, lgreat-claired.)~So named from the 

fixe of its claws. 

This is another of the lost animala of tlie former world. 
It belonged to the aame genus as the raegatherimn ; but 
Cuvier, on comparing their bones, found that they were of 
« diflerent species, the latter being in all respects like the 
.IbnnBT, except that it was only one-third [he size. 

The bones of thia animal were found in Green-Briar 
county, Virginia, much decayed, and only sufficient to 
form a small part of a skeleton. 

342. Mylodon, (molar-iooth.) — Thia is the name by 
which Prof. Owen has distinguished an animal, the bones 
of which were found in the vicinity of Buenos Ayrea, 
They were at first auppoaed to belong to a species of 
Megalonys, but it appears, from its osteology and dental 
structure, to be more nearly allied to the megatherium. 
The skeleton is nearly entire, only a few bones being 
absent, these probably having escaped the search of the 
collector. It measures eleven feet from ihe skull to ihe 
extremity of the tail, the latter being three feel in length ; 
the circumference of the trunk, around the tenth pair of 
nbe, is nine feet nine inches. 

From certam peouUariiies in the skeleton of the Mylo- 
don, Prof, Owen assigns to this creature the task of up- 
rooting and felling trees, and then feeding on the foliage 
;■ of the forest it has laid prostrate. A remarkable develop- 
, ment of the substance of the bones of the skull is pre- 
Bumed to have been a provision against the fatal effecta of 
a fracture of the cranium, to which the Mylodou, from its 
uprooting propensities, is conjectured to have been pecu- 
liarly exposed ; but it seems that this provision was not 
always a sufficient guard, since the skull of the animal 
bears proof of having been twice fractured, from both of 
which it recovered. " Whoever looks at the skeleton," 
aays Dr. Mantell, "will perceive that the fore-feet are 
admirably adapted for seizing and wrenching off the 
blanches, and the hind-feet for clasping the trunk of a 
large tree ; and there is nothing to forbid the supposition 
that the animal might have obtained a constant and ready 
supply of food by climbing up the stem to a sufficient 
height, and wrenching off the branches." M, C. p. 874. 

■Whiiti* the meaning of Mcfalonyi, and where wis it tnundT WhU 
d-ii-N MylMlon mr-nn. o.id whfli were ihe hkbits otlhis animal''. 
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343. RoDEXTiA, {gnawers.^ — Dr. Backland found the 

fossil n'nmins of several of this order in the Kirkdale cave, 
lis tlic Rjiljhit, Mouse, fiml Waier-rat. The bones of the 
lJt'!iv<*r and Porcjj])iiie have also been discorered. 

:i-M. Maksi'I'ialia. (from mars upturn, pouch, in which 
tills trilxr c-jtrrv their young.) — The Opossum and Kanga- 
roo iin* (>xani})lf's. The fossil remains of animals, alSed 
to liotli of those species, have been found in France and 
Ki Inland. At i)resent the Kangaroo is exclusivelj a natife 
uf iN(*vv i lollaiid, and the Opossum of North America. 

:M5. C.'ak.mvoua, {Jlesh-eaiers.) — The fossil bones and 
tiM'tli of Muiiicrous s])ecies of this order have been discov- 
en'd in fissures and cavcnis in various countries, hi most 
casrs, tliry iiave been found in the same cavems with the 
riMnaius of many other animals, as will be seen from the 
ucfouut which follows. 

BONE CAVERNS. 

IM(). I^r. liuckland, long since, made the subject of 
osseous caverns highly interesting and instructive, by the. 
pul)li< ation of his great work, ReliquuB DiluviancR. Before 
tin* appenranct^ of that work, little was known on the 
sulijcct ; nor did geologists consider the fossils found in 
Kueli siiuaiious as legitimate objects of inquiry, being, as 
was supposfMl, of modern origin. It is true, that the 
remains of some animals, found in caves, had occasionally 
atira<"ted notice ; but no one appears to have inquired how, 
or l)y what means, they could have found their way to 
sueh places: nor was it until after the celebrated cavern 
of Kirkdale was discovered, and its contents described, 
thai oiIkt eaverns became the subjects of geological 
invrsligation. 

Afier I lu^ description of that cave, notices of others, con- 
taining- hones, have become so numerous, that we have not 
room (»v«Mi for a catalogue of their names and places; and 
there is no doubt hut these will ultimately be the means 
of proihicing a body of geological evidence of much im- 
lK)rianc(\ 

Ctirrrns common in limestone formations. — It appears 
that most, if not all. extensive limestone formations con- 
tain caverns, some of which are of great extent, and have 



Whut uro I ho Kodontia? Wlmt the Marsupialia? What the CamiTorat 



BONE CAVERNS. 191 

long been admiied for the brilliancy of their stalactites, 
and the pillar-like forms which they present. The island ] 
of Crete contains a great cavern, which has long been the 
wonder of travelers ; and throughout the whole island, 
Toumefort says, there is a world of caverns. 

347. KiRKDALE Cavern. — This cavern, in which such 
quantities of organic remains were found, is situated in 
X orkshire, England. It was first discovered by some 
workmen in 18*21, its mouth being then nearly concealed 
by stones and earth. On removing these, and exploring 
the interior, there was found a cavern, 240 feet in length, 
14 feet high, and from 7 to 3 feet wide. The rock being 
of limestone, its roof was covered with hanging stalactites, 
and its floor, in many places, incrusted with stalagmites, 

{Stalactites are formed by the percolation of water 
through limestone rocks, by which calcareous particles 
are dissolved, and subsequently left by the evaporation of 
the water on the interior of the cavern ; where the water, 
dripping down, and leaving these particles, they ultimately 
form stones, exactly in the shape of icicles, which are 
often increased to a large size by the deposition of stony 
particles in concentric circles.) • • 

{Stalagffiites Sire foimedhyihe water which falls %om 
■ the stalactites to the floor of the cavern, where by evapo- 
ration it deposits its calcareous matter. Sometimes the 
hanging stalactite and the rising stalagmite meet each 
other, and, joining, form pillars, which extend from the 
floor to the roof of the cavern.) 

The floor of the Kirkdale cavern was covered with a 
coat of soft mud and loam, about a foot thick, and in this 
were found the bones of various animals. These were in 
a high state of preservation ; and, though broken, none 
appeared as though they had been worn by the action of 
water or sand, which would probably have been the case 
had they been drifted there in the naked state. 

The genera of animals to which the bones in this cavern 
belonged, amounted to 23 in number, viz : Hyena, Tiger, 
Bear, Wolf, Fox, Weasel, Ox, Elephant, Rhinoceros, Hip- 
popotamus, Horse, Deer, (three species,) Hare, Rabbit, 
Water-rat, Mouse, Raven, Pigeon, Lark, i3uck, and Par- 
tridge. 

What is a Stalactite, and what a Stalagniite? How were they formed f 
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The first grotto turns to the right, and is upwards of 
eighty fcpi long : being dinded into four parts by the Tin- 
equal li»*ighi of the Vtiulted roof. On the bottom of this 
part tht*re is iin orifico, only two feet high, which leads to 
the second grotto. This runs first to the south, for sixty 
feet. b(;ing forty feet ^nde and eighteen high ; it then turns 
to the west, through a space of seventy-five feet, becoming 
grudually lower, until its height is only five feet. The 
passage to the third grotto is very incommodious, winding 
through several corridors, being thirty feel wide and only 
five or six high. The loam on this floor is literally stuffed 
full of teeth and jaw-bones. Near the entrance of it is a 
gulf, of fifteen or twenty feet wide, into which visitors de- 
scend by a ladder. After going down, they arrive at a 
vault, fifteen feet in diameter and thirty in height ; and on 
the side on which t hey descend is another grotto, all over 
bestrewed with bones. By going a little further still, you 
arrive at a new grotto, forty feet long, and a new gulf, 
eighteen or twenty feet deep. Even after this descent, 
another cavern presents itself, forty feet high, quite cov- 
ered with bones. Another passage now leads through 
several caves, arcades, or grottoes, to the last and largest 
room, which is eighty-three feet in width and twenty-four 
in height, more copiously furnished with bones than any 
of the others. 

A rift in the third grotto disclosed, many years since, 
another cave, fifteen feet long, by four wide, where the 
greatest number of Hyenas' and Uons' bones were found. 
The aperture to this room was much too narrow for the 
entrance of these animals. A peculiar tunnel, which ter- 
minates this cave, afforded an incredible number of the 
skulls of the above-named animals, quite entire. 

The excavation on the extreme right, and lowest parts 
of the figure, does not belong to the original cavern, but 
has been sunk for the purpose of finding bones. Several 
cavities have been dug in different directions from this well, 
for the same purpose, in one of which there is the figure 
of a man holding a torch. 

351. Species of animals to which these bones belonged. — 
Vast quantities of the remains of animals have been col- 
lected from these caverns ; and, from careful inspection, 
Cuvier determined that about three-fourths of them be- 
longed to the Bear, and that next in number were those 



of Hyenas, Faxes, Wolvea, Glulloaa, and Polecala. A 
few ouly of the Lion or Elephant tribes have been found 

352, How came these bones in the places where chey were 
found? — The first question one would aak, after reading the 
above account, would be, "how the bones of bo many dif- 
ferent animals found their way to such a place V But it 
is obvious that the answer to this question must depend 
on conjecture alone. The following are Cuvier's conjec- 
tures : " It is scarcely possible," says be, " to imagine any 
other than the following general causes, that can have 
placed these bones in such quantities in these caverns. 
First, they are either the remains of animals, which dwelt 
and died peaceably in these chambers ; or, Second, of ani- 
mals which inundations and other violent causes carried 
in ; or, Third, of animals which had been enveloped In 
Btony strata, whose watery solution produced the caverns 
themselves, the &oft parts of the animals being washed 
away by the agent which scooped out the mineral sub- 
stance of the caves." 

TliP Last hypothesis is refuted by the circumstance, that 
the strata surrounding the caverns contain no bones ; and 
the second, by the entire state of preservation of the 
smallest angles of these remains, which precludes the idea 
of their being rolled, or transported from a distance. We 
are therefore, says Cuvier, obliged to return from these to 
the first cause, whatever difficulties it may present. And 
these it must be apparent are not a few ; for laj^g aside 
the great distances from the mouth of this series of cav- 
erns, at which some of the bones were found, and the total 
darkness of the whole, it seems that the greatest numbers 
occurred in places so narrow, that the animals in the Uving 
state could not have entered, in which cases, it is clear 
that they could not " have hved and died peaceably in the 
places where their bones are found." It is possible, how- 
ever, that these caverns might have been diminisheil by 
Btalactical incmatations. 

353. Dr. Buekland's eonjectures. — Dr. Buckland sup- 
poses that the contents of these ctLverns are due to two 
causes, viz : to the deaths of the prowling animals which 
inhabited them, and to the bones of other animals, which 
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theie brought home for food, and tfab tindoobtedlj is the 
true theory. The elephants and other large animals 
which do not inhabit caverns, and whose bones are found 
in them, must obvious Ij have been convejed there in de- 
tached portions : and since the bones of hjenaa are found 
with them, and it is known that these animals carried 
their prey to such secret places, it is an obvious conclusion 
that such were the means by which, in a long series of 
years, such quantities of osseous fragments were accu- 
mulated. 

354. Cavern of Kcxlock. — The immense quantities of 
organic rehcs. which have been deposited in some of these 
caverns, may be best conceived of by the following state- 
ment of Dr. Buckland : 

In the cavern of Kullock. the size and proportions of 
which are nearly equal to those of a large church, there 
arc hundreds of cart-loads of black animal-du^, entirely 
coverin/^ the whole floor. The quantities of animal mat- 
tor accumulated on this floor, is the most sxuprising, and 
the only thing of the kind I ever witnessed ; and many 
hundreds, I may say thousands of individuals, mustfiaYe 
contributed to make up this appalling mass of the dust of 
the. earth. Reliq Diluv. p. 138. 

On the same cave Cuvier says : " I have stated that the 
total animal matter that lies within this cavern, cannot be 
coinputcHl at less than 5,000 cubic feet. Now, allowing two 
cubic feet of dust and bones for each individual animal, 
we Bhall have, in this single vault, the remains of at least 
2,500 bears." We should think that one cubic foot of 
duHt is as much as ought to be allowed to each bear, 
making the number 5,000 instead of 2,500. 

088EOU8 BRECCIA. 

355. In Mineralogy, Breccia is a rock composed of an- 
gular fragments of other rocks, joined together by some 
kind of cciiKmt. In osseous breccia^ the bones take the 
place of the fragments of stone. 

Osseous or bone breccias, are found in many places on 
the coasts of the Mediterranean sea, as at Gibraltar, Cette, 
Nice, Corsica, &c. These compounds are found filling 

Whut in naid of the number of animals in the cave of KoUock ? What is 
osseous breccia ? ^^ 
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"fissures of calcareous rocks ; and it is a aingular and 
curious circumstance, [hat in all these places, aa well aa 
in Dalmatia, Sicily, and Cerigo, though bo distant from 
each other, these conglomerated fragments of bone are 
simitar, and appear to have belonged to the same species 
of animals. They are the relics, chiefly, of ruminants, 
such SB the deer, mixed with a few iions' and panthers' 
teeth, and sometimes the hones of rats, and occasionally 
of other animals. The pieces of bone are contained in a, 
red earthy concretion, resembling highly burned bricks, 
but spoDgy or porous m texture, the cavities being of vari- 
ous sizes, and occasionally interspersed with sparry, calca- 
reous iacru stations. As Che bones are not pressed together, 
il is reasonable to suppose, that the cement which con- 
tains them, must have been progressively deposited around 
them, aa they fell into the fissures of the rocks where they 
are found. The hones in general appear to have been 
broken in pieces before receiving their cement, or calcare- 
ous incrustations. They are entirely" separated from their 
organic arrangements, but exhibit no signs of having been 
rolled, or transported. 

356. The stony fragments which this breccia some- 
times embraces, are coarse-grained limestone, of a dark 
color, containing now and then veins of white apar, which 
appear to have been rolled, or water-worn. In size they 
vary from that of the fist to small grains. 

These bones do not belong to any existing species of 
animals. In the bone rock of Gibraltar, Cuvier found 
those of a deer, and of a hare, both of unknown species. It 
is unnecessary to be mora particular in the description of 
these curious deposits, as they occur at diiferent locaUties, 
having already observed that they are all sunilar in ap- 
pearance and composition. 

The breccia of Dalmatia is the most extensive of any 
discovered, stretching along the whole coast of that coun- 
try. Its structure and aspect are the same as that of 
Gibraltar. 

357. Conjectural origin of bout: breccia. — With respect 
to the origin of these bone rocks. Dr. Buckland supposes 
that the bones of the extinct species of animals, are those 
which fell into the fissures of the rocks before the deluge. 
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and there perished. The same author has shown that 
the red cement, in which these remains are inclosed, is an 
earthy loam, differing merely in color from that which 
fills the caves and fissures of rocks in Grermany, and con- 
stitutes the diluvial loam on their bottoms. 

It Bnay be observed that these breccias are peculiar to 
limestone rocks. Now, lime is known to be soluble in 
water, in small quantities, and hence the calcareous spar, 
with which these bones are often surrounded and impreg- 
nated, is readily accounted for. The soil or cement, in- 
cluding the bones, is also hardened by the infiltration of 
the same substance. 

358. Osseous Breccia op Australia. — This has been 
more recently discovered. From a commimication of 
Major Mitchell, to the London Gieological Society, it ap- 
pears that this breccia bears a great resemblance to that 
of Europe. The principal cavity where it occurs is an 
irregular kind of well, or natural fissure, accessible only by 
ladders and ropes, and the breccia is a mixture of lime- 
stone fragments of various sizes, and bones enveloped in 
an earthy red calcareous stone. But this differs from the 
Mediterranean cavity in this important particular, that the 
bones it contains, instead of being chiefly those of the 
deer, are those of marsupial animals, peculiar to that 
country, the Kangaroo and Wombat, and which are still 
Hving. The bones of the Elephant, and also of some 
species of other animals not known to exist, are occasion- 
ally foxmd with the others, but the principal parts are 
composed of living species. This breccia was therefore 
probably formed at a later period than that of the Mediter- 
ranean. 



What is conjectured to have been the origin of bone breccia t 




359. TirE four great Classea of Rocks are the following: 
The Aqueous, ihe Volcanip, the Plutohic, and the 
Metamorphic. This la Mr. Lyell's division, and ia adopted 
on account of its aimplicitj and truth. The former diri- 
sion of rocks, in which granile, gneiss, &nd mica-jia/e, were 
considered to have been first formed, and therefore were 
called Primiiiue or Primary, haa been shown, by geological 
observations, not to be founded on facts ; since granite, in 
manj instances, has been observed to overlay, or rest upon 
other rocks, which had been supposed secondary. The 
claaaificaiion has therefore been changed, in order to meet 
the phenomena presented by the rocks themselves. 

The grand ClasBea are sub-divided, according to their 
nature or appearances, or sometimes according to priority 
1 will be seen as we proceed. 



^Ko- 



The aqueous rocks, sometimes called sedamentary, 

DC fMiilifiroas, because they contain fossils, cover a. larger 
part of the earth's surface than any of the others. These 
rocks are deposited from water, and hence they are strat- 
ified, or divided bto distinct layers, or strata. It is easy 
to conceive how these strata are formed, for whenever a 
rumiing stream, charged with mud, or sand, has its 
velocity checked, (ns when it enters a lake, or the sea, or 
overflows a plain.) the sediment, previously held in suspen- 
sion, and which it had acquired by its motion, sinks by ita 
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own gniviiy to the bottom, and thus a stratum is formei 
If thiri pKKoss is iciKJutetl. in the sjime place, another layer 
is formed over, or ujion this, and so on indefinitelj. If 
these stnitii are carefully examined, it will be found that, 
althoiii^^h ihcy consist of the same materials, the graini 
forming the under sitles are always coarsest ; which arises 
from the circumstance, that the largest particles of the 
sediment first sink to the bottom. 

36 1. Formation. — This geological term is applied to 
any accumulation of stony matter in sufficient quantity to 
form strata, or rocks, having characters peculiar to them- 
selves. Thus we say, stratifieil, marine, fresh-water, crys- 
laline, volcanic, ancient, or lafAQUiformations; the name 
dcjKMiding on the source, structure, or time of the accu- 
mulation. 

In the examination of rocks, if they consist of layers or 
strata, we must conclude at once, that, whether ancient or 
modern, they must have been formed by the deposition of 
that solid matter from water ; for we can conceive of no 
other means by which strata could have been formed. In 
all cases, we may also infer, that each stratmn, though 
found with hundreds of others resting upon it, was once 
at the surface, or above all the others on which it rests. 
When, therefore we hnd shells, or other remains, or pebbles, 
in deep strata, perhaps hundreds of feet below the surface, 
it is (piite easy to solve the (to some a) mystery, by remem- 
bering that the stratum on which they rest, was originally 
the highest, that is, above all below it, when the relic, 
sinking to the bottom of the water, was afterwards covered 
by other depositions, each forming a layer, and each in its 
turn being above all the others. 

302. Fossils in strata. — Fossils, as already explained, are 
any organic bodies, whether belonging to animals or plants, 
which have been buried in the earth by natural causes. 

Now, the remains of animals, especially shells, have 
been found buried in strata, hundreds of feet from the sur- 
face, in almost every part of the earth. These shells, 
being the remains of aquatic animals, afford still stronger 
evidence tliat the strata in which they are found were 
formed under water. Some being marine, show that the 
rocks in which they occur, were formed under the sea; 



What is meant by formation ? Explain how Hhclls came to b« i 
fer below the present surface t What is a fossil ? 
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while others, being fresh-waier shells, aa clearly evince 
that Iheii strata were made at the bottoms or lakes. 

Nov, such formations, containing shells of both the 
kinds above named, are found, not only far distant from 
the sea, or lakea, but thousands of feet above the present 
levels of either, and also far below them ; and even to the 
utmost depths to which the earth baa been penetrated. In 
the strata of the Alps, fossil sea-shella are found to the 
height of 8,000 feet above the level of the sea ; in the 
Aadea, more than 13,000, and in Himalaya, more than 
15,000 feet above the same level. We must conclude 
therefore, since it is certain that these strata were formed 
tinder water, and that the shells they contain could only 
have lived in the sea, or in lakes, that the rocks now con- 
taining them, being the same in which they were origi- 
nally imbedded, must have been raised from the bottom of 
the ocean, or from lakea, to their present elevation, or sunk 
below their original level down to the plaoes where they 
now occur. We shall see hereafter that these great 
changes in the primitive levels of the earth are due to the 
tremendous power of volcanic causes. 



363. These rocks owe their origin, not to water, but 
volcanic fire, that ia, fire in the depths of the earth. They 
appear to be of all ages, from the most ancient to the most 
recent, and in volcanic districts, are occasionally farming 
at the present day. They ats entirely devoid of fossils, 
nor do they show any signs of stratification. Most of 
them Etre more or less porous in their structure, and some 
kinds contain crystals, or fragments of other minerals. 
They are often observed to rest upon stratified rocks of 
the more recent formation, faUing into their cavities and 
fissures, when in a melted state. These rocks, though 
quite extensive in some cotmlries, form a much less portion 
of the earth's crust than the aqueous rocks. 



I 



364. These include what were formerly called Prim- 
itive unslralified rocks, especially the Granites and Por- 
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ph jry. like the volcanic rocks, they are supposed to owe 
their origin to heat, though under different circumstance 
Instead of being compact in structure, thej are composed 
of crystals of various sizes. The composition of Grianite, 
is quartZj feldspar, and micoy all in distinct crystals, differing 
in size, ^m mere grains to several inches, or even a foot 
in diameter. This rock is of various colors, depending on 
those of the materials of which it is formed. The quartz 
is most commonly white, but sometimes reddish or brown; 
the feldspar is also white, passing into flesh-colored, and 
occasionally brownish. The mica is blaek, green, or 
white. These colors being intermixed, the prevauing 
colors of granite is gray, often reddish from the color of 
the feldspar ; brown, when penetrated by oxyd of iron, and 
less frequently, nearly black, when the mica is in more 
than common proportion. 

They are called crystaline rocks. They never contain 
organic remaijis, nor are they stratified like those which 
are deposited from water. 

These rocks differ from the volcanic, not only in having 
the crystaline structure, but also in not having pores or 
cavities, which the entangled air gives to most volcanic 
products. Hence, while the volcanic rocks are known to 
have been formed near the surface, it is inferred, from these 
differences, that the granites were melted at great depths 
under the earth, or sea, and have cooled and crystalized 
under enormous pressure, where the contained gasses could 
not expand. From the hjrpothesis that these rocks were 
thus formed in the bowels of the earth, they have been 
named " Plutonic rocks," thus distinguishing them from 
the volcanic. The granites now form some of the highest 
mountains on the earth, and hence, the hypothesis, that 
they have been elevated by volcanic force to their present 
situations. 

IV. METAMORPHIC ROCKS. 

365. This class consists of the stratified rocks formerly 
called Primary, as mica-slate^ gneiss, clay-slate, and some 
kinds of Umestone, or marble. Their origin is more doubt- 

What are the plutonic rocks ? To what do they owe their origin ? What 
in the composition of granite ? What its color ? How does granite diffsr 
from volcanic products ? How is it supposed this rock was formed? How 
elevated to its present height 7 What are the metamorphio rocks ^ 



ful ihaii ihaL of the other ciaasea. They contain no 
pebbles, or angular pieces of imbedded minemla, nor any 
iracea of organic remains. Their alralified structore gives 
rise lo ihe hj'polliBais, that they were originally deposited 
from water, like the firal class, and subsequently changed 
hy BUbterraaeaTi heat, so as to assume their present texture 
and cryataline appearance, la consequence of this sup- 
posed change, Mr. I.yell has given this class the name of 
Metamorphic, from the Greek jnela, and tnorphe, signifying 
tran^armed. 

Mr. Lyell has also suggested a new name for the Plu- 
tonic and Metamorphic rocks, as one great family, having 
exclusively the cryataline structure, and a common origin. 
His language is: "As a!) the cry st aline rocks may, in some 
respects, he viewed as belonging to the same family, 
whether stratified or unstratified, it will be convenient to 
apeak of them by one common name. But the use of the 
term primary would imply a' manifest contradiction, for 
reasons which tiie student will now comprehend, (367.) 
It is indispensable, therefore, to find a new name, one 
which must not be of chronological import, and must ex- 
presB, Oil the one hand, some peculiarity, equally aitrib- 
wtftble lo granite and gneiss, (to the pluionic as well as 
the altered rocks,) and on the other, must have reference 
10 characters in which the rocks differ, both from the vol- 
canic and from the unaltered sedimentary strata. I have 
proposed, in the Prineiptes of Geology, the term ' Hypo- 
gene,' for this purpose, denved from two Greek words, 
meaning under and to be born, being in reference to the 
theory, that these rocks were formed in the bowels of the 
earth, and not at the surface." 

The relative positions of the Hypogene rocks, as they 
often occur, are represented by Lign, 71. The centre or 
middle mass 1, projecting high above the side strata, is 
granite. The flanking planes 2, 2, are gtteiss, appearing 
as though they had been elevated to their present situa- 
tion by the tremendous force which lifted tip the granite. 
The mica-slate 3, 3, ia seen resting against the gneiss. 
The two latter rocks have the appearance of once having 
been in a horizontal position, the mica-alate being super- 
incumbent on the gneiss, and this on the granite, and we 

What 
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■ball see, in another place, that thia was undoubtedly tbe 
case. The letter^ showg a bed of quartz, included in the 
micaceous beds, and, being' much less subject to disintegra- 
tion by the weather, rises above the mica. The beds 4, 4, 
are clay-slate, or roof-slaie, on the outside of the mica-elate. 
The overlaying mass is porphyri/, resting on the mica 
and clay-slate. A email bed of mica-slate, 6, shows the 
strata bent, fonninga dish-like cavity between the central 
peaks of the granite. Above 7, ia seen a bed of clay and 
gravel, in strata, showing their more recent fonnatian, ai 
they rest on the nearly horizontal strata of the mica-siate. 




In manj mstanees there ja sufficient proof exhibited by 
the rocks ihemselvea that melamorphic strata were once 
in a horizontal position and that they owe iheir present 
nearly vertical posture to a force exerted from below, aad 
by which the granite, being elevated, has raised up the 
once superincumbent strata, and given them their various 
inchnatione. {See Elevation of Continents.) 

ExpluD Lign. 71. 
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366. This rock is an aggregation of small particles of 
sand, which often cohere together without any visible 
cement, but are more commonly bound into maaaea by clay, 
silex, lime, or oxyd of iron. In nature, there will be found 
every gradation, from loose aand to the hardest sandstone 
rock. In the variety called taicaceovs aandstone, the mica 
is abundant, and gives this formation the appearance of a 
stratified rock. When sandstone is coarae-grained it is 
usually called ^f. If the graina are rounded, and of the 
size of pebbles, it becoroea a conglomerate, or pudding-stone, 
which consists of fragments of many kinda of took, of 
different colors, bound together by the sand, with soma 
kind of cement. 

SandatoneB vary in color, often according to that of 
the cement, by which its particles cohere. When this is 
oxyd of iron, it has a reddish color. They alao diifer in 
age, being called the Old, and New, Red Sandstone. 



367. These rocks are composed of lime and carbonic 
BCid ; and hence are carbonates of lime- Chalk and mar- 
ble are common examples. The varieties of this rock are 
numerous, aometimes consisting almoat entirely of shells 
of various kinda, closely cemented together by calcareous 
matter, when it is called i^H- limestone. 

368. OoLrrB. — This is a calcareous rock, consiaring of 
globules, sometimes so small as to resemble the roe of 
fishes, and hence ia called Roestone. It haa generally a 
brown or ocherous color, and is a variety of common lime- 
Blone, from which it does not differ in composition. These 
globulea do not, however, in all cases, compose ihe entire 
mass ; the oolite often running into common limestone. 
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In England, this formation is rich in 
the bones of some of the largest 
many of the beBt-preserved Bhelle being found in it. It it' 
often used as a. building -atone, St, Paul's church and" 
Somersei-house being constructed of it. 

With respect to the majiner in which ibeee globules an 
formed, ii is supposed that they originated in streams of run- 
ning water charged with lime, bj the gradual deposition 
of calcareous particles on a small nucleus, as a graili of' 
Band, kept for a while in agitation by the stream. 

369. Lias. — The name is said to be a corraplion of 
layers, because this rock is usually stratified. It is ons 
of the Oolite group, and often passes insensibly into thai 
rock. It is an argillaceous limestone, and is usually found 
in conformable positions. It contains abundance of opi 
ganic remains, and in England is particularly rich in thoM 
of the Saurian reptiles. 




370. Dr. Hildrtlh on Ihi Oolite dJ Okto—hi this c 

a, Oolite is common m some limestone distncts. ' 
ich occurs on the Little Muskingum, m Ohio, i 
Bcribed by Dr Hildreih, as follows color yelloi 
white, when expend to the air, but grajash white wh&o 
taken from the bed ; structure compact, fracture conchcni 

WhU kind of rock im Um 1 Whr is it ao called ? 
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al, with an earthy aurfaoe ; adheres to the tongue; com- 
pOBUion, carbonate of lime, with a little carbonate of iron. 
In properties and appearance, it approaches nearly to 
chalk. It stands the weather without eKfohalion, and 
would make a fine building-stone. 

The associations of this rock in Ohio will be seen by 
Lign. 72. Order of the aaceiiding seriea. 

1. Limestone^ compact, dark, and in strata, from S 
inchea to 2 feet in ihicknosB. The bed is 8 feet thick. 

2. Biluminoiis coal, vety pure, structure slaty, 2 feet. 

3. Water lime, in thin beds, resting on coal, 6 feet, 

4. Odontic rock, color almost verdigris green, 4 feet. 

5. Lias, stratified, and oohte, 3 feet, 

6. Calcareous tufa, poroua, as if pierced by worms, 6 
feet. 

7. Sparry limestone, brownish dove color, 30 feet. 

8. Sandstone, with fossils in the lower strata, 100 feet. 

9. Argillaceoics, soil covered with timber, 10 feet. 

371. Clay-bi-atb. — This ia a rock of considerable extent 
in some couniriea. It is composed of ar^il, with silex 
and aluraine, and hence is called argillaceous rock. It ia 
Blraiified, and often ahowa ripple-marks, being thrown into 
^ntle inequabties by the action of small waves during its 
formation. It often includes stones of small size, and not 
unfrequently runs into conglomerate or pudding-stone, on 
the one hand, and into sandstone on the other. The color 
of this rock varies from dark red, or brown, to that of slate. 
Shale is a variety of this rock, but is harder, perhaps from 
greater pressure, and is of a dark color ; often contains 
bitumen, when it is called bitumittoas shale. When clay- 
slate is moistened by the breath, it always emits that, 
pecidiar smelt called the argillaceous odor. 

372, SiucaoDs Limestone. — This is carbonate of lime, 
mixed with particles of siles, and is harder in proportion 
to the flinty matter it contains. Sometimes this rock is 
nearly pure lime, while other specimens are mostly fonued 
of silex. The colora vary, as in common limestone, and it 
is often difficult to decide by the eye alone, whether a rock 
contains lime or not. In this case, a simple and sure 
method is the teat by an acid. If diluted sulphuric acid 
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be dropped on the specimen, and effervescence ensues, thil 
is, if little bubbles of gas escape, it is certain that cajilxm- 
ate of lime is present ; and when there is any dodfal 
about the nature of the rock, whether it is calcareoui or 
not, this will always give a sure decision. 

The three rocks, last described, the Arenaceous^ the 
Calcareous, and the Argillaceous, when they occur in the 
same district, frequently pass into each other, so that it if 
often difficult to decide to which species a specimen be- 
longs. 

CHALK. 

373. In Great Britain this is a very important formation. 
It is also found in France, Germany, Italy, and Poland ; 
but it is said, that no deposits of Chalk have been found 
beyond the limits of Europe. In the New World, through 
the whole extent of the two Americas, not a specimen 
has been found. 

Mr. IjyeW says that white chalk extends from the north 
of Ireland to the Crimea, a distance of more than 1,100 
geofrraphical miles ; and in an opposite direction, from the 
south of Sweden to the south of Bordeaux, a distance of 
840 geographical miles. 

374. Origin of Chalk. — Although chalk, at the present 
day, is found at considerable distances from the sea, and 
far elevated above its level, still, it is considered of marine 
origin. This is inferred from the sea-shells which it often 
contains. Some of these, as the Terebratulae, are known 
to have lived only in deep waters. Shells of the Nautilus, 
and the Belemnite, or internal bone of the Cuttle-fish, are 
also found in chalk. All these being marine animals, 
and their remains being abundant in chalk formations, 
their presence is considered ample evidence of its marine 
origin. Sponges, Sea-urchins, and Corals, are also com- 
mon in this formation. Chalk is but very obscurely strat- 
ified, though in some instances there are signs of layers. 
The Infusorial origin, of at least a portion of this mineral, 
has already been suggested ; the animalcules that formed 
it must therefore have been of the marine species. 

375. Origin of Flint in Chalk. — The common nodules, 
of which gun-flints were formerly made, are exclusively 

What is said of the geographical extent of chalk ? What is considered 
the ori^ of chalk ? 
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Ibiuid imbedded in chalk. Layers of fliiit, of vatiotn 
ibickoess, are also found in chalk beds, perfectly diatinct 
$«>m the chalk. The particles of eilex, being of greater 
Specific gravity than those of the chalk, probably fell to 
the boltoiD first, ihua forming strata of their owa Bui 
supposing that the chalk contained a portion of silex in a 
free state, while the whole was mixed with water, and in 
the process of formisg, it is difficult to imagioe by what 
power theae particles separated thetnaelves from the sur- 
rounding mass, so ae to form nodules so perfectly distinct 
&0U1 the matter which aurroimded them. 



376. This is a sulphate of lime, and is well known un- 
der the name of Plaster of Paris. It ia usually a soft, 
white, or yellowish rock, with a lexture resembling' that 
of loaf-augar. Sometimes it is beautifully crysiahzed in 
broad transparent plates, much resembling white mica in 
appearance. But the two may readily he distinguiahed 
by the elasticity of the mica, while the sclenite, aa this 
variety is called, ia inelastic, showing no disposition to 
recover itself when bent. The selenite also turns white 
by the loas of its water of crystalizalion, when healed, 
while even a ted heat does not change the transparency 
of the mica. 

Gypsum is insoluble in acids, and hence does not effer- 
vesce, when tested in the manner above directed for car- 
bonate of lime ; and this circumstance will distinguiah 
apecimens of these two kinds of rock, which often nearly 
resemble each other in appearance. 

Gypsum, like rock-salt, is never found in extensive 
formations. It is an aqueous rock, and from the organic 
remains found in it, ia considered of fresh-water origin. 
Beds of this mineral commonly alternate with those of 
marl and limestone. 

The greatest deposit of Giypsum described, is that in 
the vicinity of Paris, which extends about 60 miles. At 
Monimatre, near that cily, two formations of this kind 
exist ; the lower is composed of alternate beds, of Utile 

WhHl is BBid of the onKin of 9>ar in (^halk ? Whst is the campcMitiati ot 
gypsum T In wliiil form ilnes it occur ^ How is gypsilni known from c«r- 
IwnBIs of linw. Whpre is ibe deposit uf gypsum, Eniin which Ouriei drew 
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thickness, ronsisiinij f)f gypsum, often crvst 

hmft Jin.l r. lay-marls. The upper formation 

ponant ami rpniarkahle. It is about 65 feet l 

some pLuM's li.'s immeiiiately under vege 

This iH parnrularly intprpatin£r from the numl 

ety of orL^ai.ic ifumins foiiml in it. and froi 

sourre whencf* Tht* oplehratiHl Cuvier lirew t] 

of so^groal a variety of extinct species of unii 

377. VIarl-si.atf:. — Marl is a mixture of < 

lime anil cla\'. L^ennrally containing abundan 

freshwjiter sh»-ll.s. It 'id soft and loose in it 

sometimes Mpi^^sitnl in strata : but more fi 

founjl without an\' si'^iis of acpieoud depositic 

fresh-waior origin, and of recent date. Some 

pits of Scot Ian 1 1 have atfonletl many or"-ani< 

animals, but all of known species. (Dn somi 

is an excellent manure, ami is extensively ej 

this purpose. 

FORMS OF STKATIFICATIG J». 

378. A series of strata sometimes consists o 
above rocks, nnd sometimes of two or more in 
beils. Thus, in the coal districts of England 
pie, we often pass through several beds of san 
below those, layers of shale and sandstone, 
shale, rhvisible into leaf- like laminae, and conta 
tifiil impressions of plants. Then again we 
be-fls of pure and impure coal, alternating with 
underneath the whole, perhaps, are calcareous 
beds of limestone, filled with comls and marine t 
bed distinguishable from the other by certain f 
the abundance of particular species of shells, or 
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379. The above description will convey an 
common phenomena of stratification. Each la 
er of the same or of another rock, is k stratum; 
are called xtratn^ the process of forming is st 
and the rocks so formed are stratified. 

Whatever may be the direction of strata at 

What in marl ? What i« a stratum ? What are strata, an 
cation T In what diroction are all strata formed ? 
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'time, it ia certain thai their posilion was originally bori- 
t coct&l, or at least Dearly ao. " The reason of this ar- 
' rangemenl," aays Mr, Lyell, "can by no means be ftttrib- 
uted to an original evenness or horizontnlity in the bed of 
the sen ; for it is ascertained that in those places where 
no matter is deposited, the bottom of the ocenn is often us 
' uneven as that of the dry land, having, in like manner, its 
I bills, valleys, and mvines. Yet, if the sea ehould sink, or 
lh» water be removed near the mouth of a large river, 
■where a delta has been forming, we should see extensive 
plains of mud and sand laid dry, which, to the eye, would 
appear perfectly level, though, in reality, they would slope 
gently from the land towards the sea. This tendency in 
newlj-formed strata to assume a horizontal position, arises 
principally from the raotion of the water, which forces 
nlonv particles of sand and mud at the bottom, and causes 
Ihem to settle in hollowa or depressionB, where they are 
less exposed to the force of the current than when they 
I ore resting on elevated points. The velocity of the cur- 
rent, and ilie motion of the wave, diminish from the sur- 
face downwards, and ia least in those depressions where 
the water is deejaest," Elements, p. 80. 

Thia subject may be easily illustrated, and by a very 
simple experiment. If an iron dish b« set in the bottom 
. of a running stream, and nearly on a level with its sur- 
face, and then the mud and sand be stirred above it, the 
sediment will soon fill the dish to the brim ; and if the ex- 
penmenl be repeated, the dish will be buried, and the bot- 
tom of the brook as smooth over it as though the dish had 
not been placed there. If the process be watched, it will 
be seen that the sediment falling into the dish remains 
there, being below the influence of the current, and that 
this will continue until it is full ; when the bottom of 
the stream becomes level as before. A number of half 
eggshells, with a little stone in each, to keep them in 
position, will show the same result, if used instead of the 
iron dish. 

380. A series of horizontal strata is represented by 
Lign. 73, In these the stratification coincides with the 
line of the horizon. It is, however, very rare that such 
itrata are observed, except in the most recent formations ; 

How u Ihii illuUnlsd by itn inui lUrt ! 
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Horizontal strata. 



the secondary and tertiary strata, in nearly every mstanc^ 
being more or less inclined. This, we shall show hen- 
after, is in consequence of disturbance after their fcnmar 
tion, from volcanic forces, acting from below. 



LIGN. 74. 




False stratification. 



381. False Stratification. — There is a phenomenon 
of frequent occurrence, in which may be seen a series of 
large or thick strata, each of which is composed of a num- 
ber of smaller layers, placed obliquely to the general planes 
of stratification. To this diagonal arrangement, the name 
of "false stratification" has been given. Thus, in the 
annexed Lign. 74, we have several large beds of loose 
sand, yellow and brown, the lines a, h^ c, showing the prin- 
cipal planes of stratification, which are horizontal But 
the greater part of the subordinate strata do not conform 
to these planes, but have inclinations, more or less steep, 
from one to the other, these being sometimes in opposite 
directions. When the sand is loose and incoherent, as in 
the present case, the deviation from parallelism of the slant- 

What are horizontal strata ? In what deposits are these strata found? 
What is meant by false stratification ? 
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■ Bttata cannol possibly be accounted for, by any new 
angemfnt of the particles durino; the conaoHdation of 
I rock. We must, therefore, srippoae that at the boi.tom 
the sea, aa well as in the beds of rivers, the motion of 
1 waves, currents, and eddies, often cause mud, sand, 
i gravel, to be thrown mto heaps, on pftrticiikr spots, 
lead of being spread uniformly, aa is most commonly 
I case. Afterwards, perhaps, by a new current, ihe 
iceMionB between these little hills ormounds, being filled 
the manner already described, the principal strata are 
UB deposited, on which the ctirreni, by the overflow of 
I river, again produces nn inequality of surface; after 
lich, the same process is repeated. The appearance of 
Be strata suggests this theory of the naanoer of their 
Kfttions, aa the only one which can nccotmt for such 
momena ; and as we know nothing of the currents and 
inter-curreniB of deep water, except by the efiecta they 
'e left on the bottom, perhaps this is as satisfactory ar' ' 
ilanation as can be proposed. 







182. KiFPLE-MAKKs. — The ripple-marks, ; 

surfaces of clay-slatea and sandstones of all ngea, a 
cimen of which ia represented by Lign. 75, and which 

so often seea in the sand of the sea-shore at low tide^ 
01 to originate in the driftmg of the sand along the bot- , 
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torn, bj trie unequal action of the waves. These madn 
are orAy s^rezi on shores where the water rises and faUiin Is 
the fonii of 'A-aves. and their sizes appear to depend, mon 1 1 
or less, oil the anioun: of this elevation and depraaoL li 
Ori shores which are swept by a broad ocean. thejaieoD li 
a larg'er scale than on the borders of bays or ponds, wfam 1 1 
the waves only rise to the height of a few inches. On 
this account, a great difference may be observed in their 
sizes on the same shore at different times. After a stcmn, 
during which the waves have risen to an unusual height, 
the impressions left on the sand, after the subsidence of 
the water, are wider apart, and the inequalities much 
greater, than will be seen at ordinary times. 

Sometimes there may be seen two series of lipple-marks, 
crossing each other at various angles. This is caused bj 
a change in the course of the wind, and consequently d 
the new direction in which the waves are thrown on the 
shore. 

LIGN. 76. 




Dip of BtraUu 

383. Dip. — The inclination of strata, from a horizontal 
position, is called their Jtp, the amount of the dip being 
the quantity of the angle which the line of inclination 
makes with that of the horizon. Strata forming a dip, 
are represented by Lign. 76. If the angle made by the 
meeting of the lines of the strata, b 6, and the horizontal 
lino a. be equal to 45^ towards the east, then the strata 
are said to have a dip of 45° in that direction. 

384. Outcrop. — When strata protrude above the sur- 
face of the earth, or are uncovered, as on the side of a hill, 
so as to be seen, they are said by the miners to crop out. 
The uncovered ends of the strata commonly rise above 
each other, like stairs, or, as Mr. Bakewell has it, like a 
number of slices of bread and butter, laid on the side of a 
plate. In Lign. 76, the outcrop of strata is represented at 

Ih there any relation between the size of these marlis and the wayet? 
What iH niennt hy dip ? What is outcrop ? 
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Ai. Outcrop is a matter of much imporlaace t 
,gials and practical miners, since ibe under, as well as tUe 
iqiper strata, can be observed at these points; and thus, 
witbout excavations or boiings, not odIj the dip can be 
ascertained, but also the different ktnda of rock with which 
a section of country is underlaid. 




I 



Tatang angli 



385. Simple method of finding the angles of inclination. — 
Mr, Lyell employs the following method of ascertaining 
the amoimt of dip in stratified rocks! "It is rare Ij^ import- 
ant," says he, " to determine the angle of inclination with 
Buch minuteness, as to require the aid of instruments. 
We may measure, within a few degrees, the angle, by 
standing esactly opposite to the cliff, where the true 
dip ia exhibited, holding the hands immediately before 
the eyes, and placing the finger of one in the perpendicu- 
lar, and the other in a horizontal position, as shown by 
Lign. T7. It is thus easy to discover whether the lines 
of the inclined beds bisect the angle of 90°, formed by the 
meeting of the hands, so as to give an angle of 45'', or 
whether it would divide the space ii)^ two equal portions. 
The upper dotted line may expresH a stratum dipping to 
the north; but should the beds dip precisely to the oppo- 
site point of the compass, as in the lower dotted line, it 
wiU be seen that the amount of inclination may still be 
measured by the hands with equal facility," p. 71. 



in Mr. Lyeirn melhnd of II 
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Outlier. 

386. Outlier. — Strata are said to form outliers, when 
they constitute a portion of rock, or country, detached firam 
the general mass of the same bed of which they evidentlj 
once fonned a part. Thus, the bed 6, Lign. 78, on the top 
of the hill, is an outlier of the principal formation ab; tbi 
intervening valley being scooped out, either by the geor 
eral deluge, or some other means. The kind and thick- 
ness of the intercepted strata, as well as the range, are 
sufficient to prove that they were once continuous. 

Escarpment. — Strata are said to terminate in an escarp- 
ment, when they end abruptly, as at a b, Lign. 78. 

Mural precipice. — Mural signifies wall-like^ and rocks are 
said to form such precipices, when they present naked and 
nearly perpendicular faces. 

UGN. 79. 




Corxforniable position. 

387. CoNFoiiMABLE PosiTiox. — Strata are said to be 
conformable, when their general planes are parallel, what- 
ever their dip may be, as represented by Lign. 79, a a be- 
ing conformable strata, as shown by their parallel planes. 

Unconformable strata. — When a series of upper strata 
rest on a lower formation, without conformity to the posi- 
tion of the latter, the upper series are called unconforma- 
ble^ as shown by b 6, Lign. 79. 

388. Fault. — This is such a dislocation of the strata, 
that not only their continuity is destroyed, but the series 

Wliat is an outlier? What is an escarpment? What is a mural preci- 
pice ? What are unconformable strata? What is a fault T 
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'of beds on one or both sides of the fracture, are forced out 
lof their orig'mal positions, so that it often happens in min- 
ing for coal, ihe workmen suddenly corae to the apparent 
J temaination of the vein, by a wall of rock. 
I 389. Dike. — This is a wall of rock interposed between 
I the two eidea or ends of a dislocation, and in coriaequeace 
■ of which, the continuity of the beds is interrupted. If 
I -we suppose that the dike was once fused matter, as is the 
j ease with volcanic dikes, and forced up from beneath, and 
I that on one of its sides the strata were elevated, or thrown 
down on the other by a convulsion, it would account for 
the phenomena of both dikes and faults; the drat consist- 
ing in the dislocation of the strata, and the other, the wal] 
I ty which they are intercepted. 



I 



This will be understood by Jjigii- SO, where a a repre- 
sents the fault, and b the dike. The coal stratum, a, ter- 
minates at the dike on both sides ; but on one side it is 
elevated, and on the other depressed. When, therefore, 
the miners, coining to the dike, and knowing that the bed 
of coal is either above or below their own level, they begin 
by searching on the other aide. But here, at first, they find 
only sandstone or clay, the coal-vein being entirely lost, 
and their business as miners suspended, hi attempting 
to regain the vein, the first question to be determined ia, 
whether it has been thrown up, or cast down on the other 
side of the dike ; and this, in general, is readily decided by 
the position of the dike, or its inclination, with respect to 
the fault. For experience has shown that, if the dike 
makes an acute angle "with the upper surface of the coal- 
vein, the strata are elevated on that side ; while, if the 



would JDQ look tot Uia lo>t cmI-tc 



a fault and a dike I 
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an^le is obtuse, they are thrown down, as shown in the 

figure. 

'.yjO Springs caused hy dikes. — Dikes being eenerally 
irfi|>»^rviu:i.s to water, they obainici its passage along the 
poroirf strata, anil occasion it to rise towards the surface; 
hence, it frecjuently happens that numerous springs make 
their appearance along the course of a dike which is en- 
tirely under ground, the springs alone indicating its exist' 
ence. 

h\ some coal-fields, the strata are raised, or depressed, to 
the amount of four or five hundred feel : that is. there ii 
this difference between the two strata in a perpendicular 
direction. Probablv. in some instances, the strata have 
been moved on both sides of the dike, on one side raised, 
an«l on the other depressed, from the original level of the 
stratum. 

Composition of Dikes. — Dikes which intercept coal 
strata, are most frequently composed of that kind of vol- 
canic rock called basalt^ but sometimes of indurated clay. 
^ They are, in thickness, from a few inches, to 50 or 60 
Teet. and sometimes even several hundred feet. Dikes are 
seldom noticed, except in mining districts, where they ex- 
cite much interest in consequence of the disturbance they 
occasion to coal-veins; the workmen being sometimes 
thrown out of their regular employment for weeks, in re- 
gaining the vein which has thus been lost. 

STRUCTURE OF SLATE. 

39 1 . Prof Sedgwick has made some curious and im- 
portant remarks and observations, on the difference be- 
tween the planes of stratification and those of cleavage, 
as applicable in particular to the roofing-slate of Wales. 

In mica-slate, the cleavage is in the direction of the strata 
of deposition, whether the layers are cur\'ed or not ; and 
the same is the case with common clay-slate, and in all 
depositions of clay which are separable into layers. But 
in beds of roof-slate, the case is quite different, the cleav- 
age being not in the direction of the strata, but in general 
obliquely across them. The strata are seldom or never 
either horizontal or straight, but contorted, bent or waved, 
and are often far from being parallel with each other. 

Why do dikes cause springs ? What are the sizes of coal-field dikes ? 
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Prof. Sedgwick gives ihe above diagram, Lign. 81, in 
iHuBtraiion of ihia auhject, and remarks, "that the cootor- 
tioris of slaie-rocka are phenomena quite different, from 
cleavage, and t!ie curved lines presented by such forma- 
tions, are the true lines of disturbed strata." The contorted 
lines, running lengthwise of the diagram, are the true 
strata of deposition, while those crossing these, in nearly 
a vertical direction, and preserving almost a geometrical 
parallelism, are the lines of cleavage. A region of more 
than thirty miles in length, and eight or ten in breadth, 
exhibits this structure on a magniiicent scale. Many of 
the contorted strata are, of course, mechanical struotureaj 
but subordinate to these are fine ciystaline chloritic alatea.^ 
But ibe coarser beds and the finer, the twisted and the 
straight, have all been subject to one change, Crystal- 
ine forces have rearranged whole njsuniain masses of 
Ihem, producing a beautiful cryalnliae cleavage, passing 
alike thrtmgh all the strata; and'thiough all this region, 
whatever may bo the contortions, the planes of cleavage 
pass on, geoerally without deviation, ruiming in parallel 
lines, from one end to the other. 

Without considering the crystaline flakes along the 
planes of cleavage, which prove that crystaline action 
has modified the whole mass, we may afiirm, that no re- 
treat of parts, no contraction in dimensions, in passing to 
a aolid state, can eicplaui such phenomena as thesa They 
aeera lobe only resoli^ble on the supposition, that crystal- 
ine or polar forces acted on the whole mass simultane- 
otiaiy, in giving them direction, and with adequate power. 
The hypothesis that heat, nearly to the melting point, act- 
ing as a crystaline force, produced this new arrangement, 
after the regular deposition of the strata, is the only one 
which can be suggested to account for these pher 



Eipliip Lignograph SI, andaliow Ihedif 
Miala Dd ttiou of sluinga. Haw is t1 



^^^^brl 



S20 CHEMICAL AMD MECBAHKUI. DBFOBnS. 



CHAPTER XXVIII. 

CHEMICAL AND MECHANICAL DEF08IT8. 

392. Geologists have made a distinction between me- 
chanical and chemical deposits. By the former, are desig- 
nated beds of mud, sand, and gravel, produced by the action 
of running water, as the accumulations in the bottoms, and 
by the sides of ponds and rivers. But the matter which 
forms a chemical deposit, has not been mechanically sus- 
pended in water, being in a state of solution with the fluid, 
and separated only by evaporation, cooling, or chemical 
decomposition. Thus, water flowing from hot springs, 
and charged with carbonate of lime, constantly deposits 
its contents in a solid form as the water cools, because it 
can hold more lime in a hot than in a cold state. Such 
springs also contain an excess of carbonic acid, in which 
the lime is also held in solution, and which is deposited as 
the gas evaporates when coming into the open air. The 
lime thus deposited, incrusts stones, shells, and wood, at 
the bottom of the stream, and thus forms a loose porous 
stone, containing all these matters, known under the 
names of travertine and calcareous tufa. Such springs are 
found in various parts of Italy ; and one near Rome de- 
posits large quantities of lime, for many miles in extent, 
every year. Thig is so highly charged with lime, that 
casts are soon formed by exposing molds to the water. 

393. Chemical deposits seldom horizontal. — The remarks 
heretofore made on horizontal strata, (379,) do not apply to 
chemical, but only to mechanical deposits ; the latter filling 
up inequalities at the bottom, by being swept along by the 
stream; whereas the particles of chemical deposits are 
consolidated together as they fall, and consequently may 
incrust the vertical walls of a fissure with equal thickness 
as that of its bottom. These depositions are generally of 
small extent, and are confined to limestone districts, as 
already indicated. 

394. Cementing of Particles. — It is chiefly in the case of 
calcareous rocks, that solidification takes place at the 

What is the difTerence between mechanical and chemical deposits? 
Why are not chemical deposits horizontal ? 
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Ume of deposition. But there are many deposits, as those of 
sand, clay, and pudding-atone, in which the cementing pro- 
cess takes place long after their deposition. These rocks, 
being formed of loose materials, are afterwards consoE- 
dated b^ the percolation of water, containing iron or lime 
in solution, the finer particles of which, fill up the inter- 
stices remaining among the coarser materials of the de- 
posit or accumulation, and thus, from being a soft, yielding 
maes, the whole becomes a solid rock. 

in Bome rocka, as clay-slate and sandstone, in which 
jissures are left by contraction, after the strata are' depos- 
ited, the white seama of carbonate of lime may often be 
seen traversing the layers in all directions, having filled 
every fissure, even to the size of a thread. Such exam- 
plea are common in clay-slate Irom the quarry near the 
city of Hartford, 

395. Consolidation under mater. — Mr. Lyell thinks it is 
probable that some of the heterogeneous materials which 
rivers transport Co the sea, may at once become sohd 
under water, like the artificial mixture called puzzolana, 
(Roman cement,) which consists of fine volcanic sand 
charged with about 20 per cent, of iron, and the addition 
of a small quantity of lime. This compound hardens 
under water, and there becomes as solid as stone, and was 
used by the Romans in constructing the foundations of 
their buildings under the sea. 

Consolidation in such cases is effected by the action of 
chemical affinity on finely comminuted matter previously 
suspended in water. After deposition, similar particles 
seem to exert a mutual attraction on each other, and con- 
gregate in particular spots, fonnina; lumps, nodules, and 
concretions. Thus, in many argillaceous deposits, there 
may be found calcareous balls, or spheroidal concretions, 
arranged in layers parallel to the general stratification, an 
arrangement which must have taken place after the shale 
or marl had been deposited in layers ; for these layers are 
traced in the concretions, being always parallel to those 
in the surrounding rock. 

396. Spheroidal, radiated eoncretions. — Prof Sedgwick 
describes spheroidal concretions, which occur in the mag- 
nesian limestone in the north of England. These balls 

9[ ii boH Band ■nd clay eoaiolidUod into aoUd rook ? 
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mn of vaiious sizes, from that of a pea, to aevenl feet k 
diameter. Ther have both a concentiic and radiated 
strict -ire. while at the same time the original strata of 
depoeiuon pa&e uEiiTitemiptedlv through them. In some 
cliiSs. this Lmestone resembles a great inegular pik of 
cannon-balbi. Sonte of the globular masses have their 
centre in one stratum, while a portion of their exlsdor 
passes through to the stratum above or below. 

U6K. 8L 




Ccncentnc balls. 

Thus, the larger spheroid in the annexed section, {Lign. 
82.) passes from the stratum b, upwards to a. Such 
phenomena can only be explained on the principle of 
chemical affinity and ciystalization ; which, beginnmg at 
the centre, must have progressed so as to add the concen- 
tric coats around the original nucleus, and at the same 
time not interfere with the laminated structure of the 
rocks. 

CUaVED BTM.A.TA. 

397. We have seen (379) that the original deposition 
of all strata must have been in the direction of the hori- 
zon. But we find, at the present time, that the layers of 
slate, of various kinds, as those of clay and mica, and 
also gneiss and stratified limestone, are not only inclined 
to the horizon at various degrees, but that the strata of 
some of these rocks are contorted, or bent into crooked or 
waved lines, clearly indicating that large masses have 
been moved, in various directions, since their deposition. 
An experiment was made by Sir James Hall, with a view 
of illustrating the manner in which such strata, assuming 
that they were originally horizontal, might have been 
forced into their present position. For this purpose, a 
number of layers of clay in a soft state were placed under 

What in the explanation of lagn. 82 ? How did Sir James Hall iUuatrate 
ourvud strata ? 
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ft weight, end their opposite ends pressed towards each 
other with Buch a force, as to cause ihem lo approach 
more nearly together. On removing the weight, the layers 
of clay were found to he curved, or folded, ao as to bear a 
miniature leaemblance lo contorted strata. 

On the east coast of Scotland, at a place called St. 
Abb's Head, Sir James Hall describes a series of contorted 
strata on a magnificent scale. The rock consiBts princi- 
pally of a bluish slate, having frequently a ripple-marked 
surface. The undulations reach from the lop to the bot- 
tom of the chfe, being from 200 to 300 feet in height, and 
there are eixleen distinct bendings in the comrae of about 
six miles. A portion of this is represented by Lign. 83. 
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398. Conlorted strata at Lyme, Ct. — In the above 
instance, the strata are seen on the face of a mural preci- 
pice, their general direction, with the exception of the cur- 
vatures, bemg horizontal. To account for their present 
appearance, therefore, we have only to suppose a pressure 
at each end of the mountain, adequate to move the two 
original extremities nearer each other, as in the above-cited 
experiment of Sir James Hall. )ji the curved strata at 
Lyme, {Lign. 84,) there must have been an upheav- 
ing power, if we assume that the strata were origin- 
ally horizontal, sufficient to divide the rock, and turn the 
strata into the vertical position ; for although its face is 
now fiat, and nearly horizontal, it consists only of the 







The rock is of gneiaa, of fine structure, occasionall; 
inietHpereed with leine of cijstahzed quartz The road 
crosaes thw rock at two plices, a. ctule or two from each 
othi.1, BXui the same contortions axe expwsed at both. 
IrVc must siipixjsc, therefore, that during- the calorific con- 
vulsions of nature, before God said, " Let there be light," 
that these strata were turned from the horizontal poaition, 
u) wliirh they had been deposited ; broken apart, and so 
Boflencti bj heat, as by an endwise pressure lo be thrown 
into llieir present convolutions. It is true, that ail this lb 
mere liypoihesia, but since it will serve to explain the ap- 
pc-ftranccs, and no one can say it is not true, perhaps then 
IS no harm in beheving that it was so. 
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DENUDATION, 



399. Bv Denudation is meant the removal of earthy 
matter by ntnning water, and the consequent exposure of 
the rocks, which were once covered. This is the prece- 
dent of all new accumulationa, of mechanical oii^n, at the 
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r pfeaenl time. The transport of mud, sand, and stones, by 
which inequalities on (.he earth'a surface are filled, neoea- 
sarily impliea, Ihat all this matter has ouly been removed 
from some other place; and perhaps a gorge has been 
formed at the place from which it haa been transported, 
much deeper than the one which haa been filled. The 
gain in one place, therefore, shows an equal losa at some 
other. If, then, the entire raaaa of stratified deposits, on 
ttie earth'a surface, is at once the monument and measure 
of the denudution which has taken place, at unknown 
periods of time, on what a stupendous acale must the 
denuding process have been carried on! And according-ly 
we find, ill various parts of the earth, sufficient proofs of 
[he vast extent and power with which running water has 
acted in producing changes on the crust of the earth. 

The earthy matter, thua moved from one place and ao- 
c-timulaied in another by occasional floods, is called AUk- 
uium. Diluvium, as we shall aee in another place, refers to 
similar accumulations, occasioned by the Noachian deluge. 
400. It is not difficult to prove, at the present day, that 
mighty effects have formerly been produced by the action 
of rtmning water, on the movable materials of the earth. 
We have here no reference to the aoUd stmla of the earth, 
but to sand, blocks of etune, ntid mud, which often evince 
by their situations, or the forms under which they still exist, 
the marks of aqueous transport, in many cases, also, by 
tracing these marks upwards, we can ascertain the places 
whence they came. Again, where the materials have 
been so widely spread on a plain ae to leave no indications, 
at the present day, of their ancient removal from another 
place, still, th« einking of a well, or wells, in the adjoining 
highland, wiU often show, by signs not to be mistaken, the 
denuding effects of waier in the vicinity. Hills of con- 
siderable height are often formed in this manner, the valley 
between them having been carried away by some ancient 
flood. 

To make this obvioua, suppose that on digging wells 
on two hills, separated by a valley, there should be found a 
bed of gravel, ten feet thick, then a layer of clay, then a 
bed of chalk, then another of clay, and that these forma- 

WhU ii mesnt liy denudaiiaa T What docs an sccuiuulmiau of eanhr 
WJi.( L mraal hy Diiuvium ? 
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tions should correspond exactly with each other, both ia 
respect to kind, thickness, and direction ; then the infe^ 
ence would be unavoidable, that these strata were ODce 
continuous, forming but one extended hill, and that the 
two hills now existing, are merely divisions of the ancient 
one, the valley between them being formed by the da- 
nudfing effects of an overwhelming flood of water, at an 
unknown period. Lign. 85, is designed to illustrate this 
subject, showing the two hills, with their corresponding 
strata, and the two wells by which they are pierced. 
Such examples it is believed are not uncommon, and would 
often be observed, were due notice taken of the strata, 
when sinking wells on opposite hills. Where such in- 
stances as the above described occur at a distance fircun 
rivers, or running streams, and the solid strata show that no 
such streams ever existed in the vicinity, the excavating 
power is supposed to have been the general deluge, de- 
scribed in the Scriptures. 

UGN. 86. 




Denuding eflfect;s of water. 

401. CJiasm in New Mexico. — Perhaps the effects of 
denudation by running water, no where exists on a more 
magnificent or lenific scale, than in some parts of New 
Mexico. The following account is from Mr. Kendall's 
" Santa Fe Expedition/' who describes only what ho saw. 

Having noticed a tremendous chasm, across which 
they liad great difficulty in making their way, he says : 
"We came suddenly upon another immense rent, or chasm 
in the earth, exceeding, in depth, the one we had so much 
difficulty in crossing the day before. No one was aware 
of its existence, until we were immediately upon its brink, 
"When a spectacle, exceeding in grandeur any thing we had 

How ia it shown that valleys and hills are formed by denudaUon ? How 
deep, and how wide the chasm in ^evr Mexico 1 
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'IkieTiousIy beheld, came suddenly in view. Kol a tree, 
or a bush, no outline whatever, marked its position or 
course, and we were all lost in amazement, fis one by one 
left the double-file racks, and rode up to the verge of the 
yawning abyss." 

402. ■' In depth it could not have been less than eight 
hundred or a thousand feet, and from three to five hundred 
yards in width, and at the point where we stood, the sides 
■were nearly perpendicular. A sickly sensation of dizzi- 
ness was felt by all, us we looked down, as it were, into 
the very depths of the earth. In the dark and narrow 
valley below, an occasional spot of green relieved the eye, 
and a small stream of water, now rising to the view, then 
sinking beneath some huge rock, was bubbhng and foam- 
ing along- Immense walls, columns, and in some places 
what appeared to be arches, were seen standing, modeled 
undoubtedly by the wear of the water; yet ho perfect in 
form, that we could with difficulty be brought to believe 
that the hand of man had not fashioned them. The rams 
cf centuries, falling on an immense prairie above, had here 
found a reservoir, and their workings upon the diBbrent 
veins of stone, had formed these strange and fanciful 
shapes. " 

The expedition, consisting of several hundred men, with 
their horses and mules, had no alternative but to descend 
into this chasm, which it appears extended to unknown dis- 
tances, both north and south of the place where they were. 
That there was no other place where it was possible to 
cross, was proved by the circumstance that all the smaller 
paths in the vicinity, made by the natives and the bison, 
terminated in one great road, or thoroughfare, at this point. 
Having, with great difficulty and danger, descended by an 
oblique path into this chasm, and followed it to a consid- 
erable distance, they found the same path leading out on 
the opposite side. 

40S. As they passed along this gorge, objects stiil more 
striking and wonderful, were discovered, '■ In some places," 
says the author, " perfect walls, formed of reddish clay, 
were seen standing, which, were they any where else, it 
would be impossible to beUeve that olher than the hand of 
man had formed. The veins of which these walls were 
composed, were of even thickness, very hard, and ran per- 
diciilarly; and when the soflet 8and,'wVw'a 'daiwa- 
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rounded them, was washed away, the veins still remained, 
standing upright, in some places a hundred feet high, ana 
three or four hundred in length." 

^ Columns, too, were there ; and such was their appear- 
ance of architectural order, and so much of chaste grand- 
eur was there about them, that we were lost in wonder 
and admiration. Sometimes the breastworks, as of forti, 
would be plainly visible ; then again, the frowning turr^ 
of some mighty castle of olden time. Cumbrous pillan, 
of some enormous pile, such as is dedicated to religion or 
rovalty, were scattered about ; regularity was strangely 
mmgled with disonier and ruin, and yet nature had done 
it all. Niagara has been considered one of her wildest 
freaks, but Niagara sinks into insignificance when com- 
pared with the wild grandeur of this awful chasm." 
Vol. i. p. 239-40. 



CHAPTER XXX. 

VOLCANIC ROCKS; 
TH£1& NAMES, GEOLOGICAL SITUATIONS AND APPEARANCE. 

404. Having thus given such an account of Aqueous 
Rocks, (374,) including their composition, names, and 
form of stratification, as our limits will allow, our attentioa 
will next be called to the Volcanic Rocks, which, though 
not so common ns those already noticed, are, in some re- 
spects, far more interesting, and especially on account of 
the tremendous convulsions which nature sometimes un- - 
dergoes in their production. 

We have already stated (363) that these rocks owe 
their origin, not to water, but to volcanic fire. They 
appear to be of all ages, from the most ancient to the most 
recent, and in some countries, are occasionally forming at 
the present day. 

They have either been ejected from burning mountains, 
or forced up to the surface of the earth in a melted state 
by internal volcanic action. Some of these rocks are oc- 



if 



What are the comparative ages of volcanic rocks ? What are their geo- 
ogical {KMiilions ? 
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^ lally found superiDcumbent upon all others, even 
overlaying the aqueous deposits and fossiliferous GiraLa 
of the tertiary period ; and as volcanoes are aCill active, 
they niay cover the most recent acciimulalions of alluvium. 

405. Vokanie rocks produce fertile sails. — Moal of the 
volcanic rocks produce & fertile soil by their disinle- 
gration. It appears that their component ingredients — 
8ilex,alimitne, lime, potash, and iron — are in due proportions 
well suited to the growth of vegetables. 

406. Volcanic cones t'n France. — In regions where the 
eruption of volcanic matter has taken place in the open 
air, and where the surface has never since been sub- 
jected to great aqueous denudation, cones and cratera are 
still strikingly characteristic, although ejected at very 
early periods. Many hundreds of such cones are at the 
present day the objects of geological interest in the prov- 
inces of Auvergne, in France, where they are arranged in 
lilies, and form chains of hills of considerable extent. 
These ancient volcanoes have been extinct from an early 
period, there being no hisloricai account of their eruptions, 
and jet the streams of lava may be traced from the cones 
to the lowest levels of the valleys below. 

407. Origin of cones and crater-shapml hills. — The 
crater of a volcano is the circular aperture at the summit 
of the mountain, from which the flames and fused matter 
issue during an eruptiorL The manner in which the 
cones, as well as the craters of volcanoes are formed, is 

L well understood, the growth of both having been watched, 

^^■^^escribed by several observers. A chasm, or fissure, 

^^^^Bpens in the earth, generally after convulsions and 

^^H^quakes have shook the neighborhood, perhaps for 

fa|fawB or weeks. From the chasm issue immense volumes 

^^^Hack smoke, attended by steam, flame, and the ejection 

^BBId-hot stones and ashes, which are sometimes carried. 

^to great heights ; the former by the explosive power of 

the gasses, and the latter by the upward current of the 

atmosphere, occasioned by the heat. These phenomena 

I having continued for a time, and being often accorBpanied 

by convulsions of the earth, and explosions which are 

heard for many leagues in all directions, there appears 

melted matter, or iatia, which quietly runs from the crater, 
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ami, fonniiig a stream of liquid €s^. eknrlj dcsooA tods 
base of the cone, whatever maj be its heir-ht. If ±e itjI* 
canic cone hr-^ms on nearlj a level surface, wbkh ■ 
Bometiincs ihe case, the ejected matter, wheiher asb« or 
lava, at first remains near the crater, theie bei=f 2X> de- 
scent down which the melted stream can ran. -ji::5 a hiB. 
of more or less elevation, has been fcxxned bv the aciioc of 
the volcano itsflf The stones and ashes 'soon accrnmi- 
late aroiimi the chimney, in the form of a cane, ihe cesoe 
of which. iK'ing kept free from the accumnlaTion. a dish. 
or crater J is funued in the top of the cone, the bei^h: of 
which in sometimes man^' hmidied feet above the point 
wherf.' the garises and lava first made their appearance. 

Somctinifs the lava flows over the edge of the crater: 
at others, this is broken away towards the top. and a notch 
\H forinfrd. throuj^h which it passes, and in many instances 
it flows out of a fissure near the base of the cone 

408. FonMATiox of Moxte Nuovo. — In illustration of 
our subjfft, wo will give an account of the production of 
ii Hinall volcanic mountain in Italy, which has been de- 
ar rilK'd by fyc witnesses. 

Moiitc Nuovo, or New Mountain, is situated in the vicin- 
ity of Naples, a region everywhere volcanic. It ^-as 
chiefly thrown uj) on the night of the 27th of September, 
15:J8. Its site was fonnerly a little town, where invalids 
resorted, on account of the thermal baths which existed 
there, and which wore supphed by the hot springs of the 
place. 

( )n the evening above mentioned, after many previous 
shocks of an earthquake, the ground opened, in the form 
of a wide fissure, which ran towards this town, with a 
tremendous noist; and upheaving of the earth, accompa- 
t\m\ with tile dischargo of pumice-stones, blocks of lava, 
unci ashes. At the same time a gulf, of considerable size 
and extent, opened hi the suburbs of the town, and by 
which several houses were not only broken in pieces, but 
actually swallowed by the chasm, and entirely disappear- 
ed below tlio ground. The sea at the same time retired, 
probably by the rising of the land, leaving its former bed 
niik<Ml at some distance from the shore. 

The fissure, which had reached the town, there stopped, 
Hnd b(»gan soon after to exhibit all the phenomena of a 

From what part of tVieioDuikUmdoea \Nxe\vi«^ia«\.Ss8raAl 
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IrtHvlM volcano, excepl the diacbarge of lava. This cotp' 
tinued for the space of only tbiny-Bix hours, since which 
pariod ihere is no record of its having suffered any signs 
of an eruption. The quantity of matter it vomited forth 
during this day and a half, was enorraoua, having formed 
0. tegular volcanic mountain in a new situation, 440 feet 
f^cnre the Bay of Naples. The form of this mountain is 
""" * oted by Lign. 86. 




n 



Its base, by recent measurement, is found to be 8,000 
feet, or about a mile and a hatf in circumference, and the 
depth of the crater 420 feet from the Bummit, so that its 
bottom ia only 20 feet above the level of the sea. No lava 
flowed fromiliia crater; but the matter ejected, and which 
fell down and formed the mouniain, consisted of masses 
of ancient lava, ashes, pumice, and slaty slonea. These 
blocks of ancient lava prove the volcanic origin of the 
gnmnd below the present n 



409. The word trap is from the Swedish trappa, which 
signifies a flight of steps. The rocks now to be described, 
were so called by Bergman, because they often occurred 
in tabular masses, with fiat surfaces, one above the other, 
in the fonn of steps or stairs. This name has been adopt- 
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ed generally, and now belongs to the nomenclature of 
science. The family includeti bj this name, are the an- 
cient rocks, chiefly composed of feldspar, augite^ and 
homblendn and which are considered of volcanic origin, aa 
Basalt. Greenstone. Porphyxy, Amygdaloid, Dolerite, and 
others. 

410. Formation of trap rocks. — Under what conditioD 
the trap rocks were formed, it is now impossible to deter* 
mine, there being no examples of their modes of production 
at the present day. We know that fiised matter, as it is 
thrown out of volcanoes, differs in most respects from any 
of the varieties of this rock : nor do the ancient lavas vary 
materially from those of the present day — a proof that (^ 
does not convert lava into trap. The forms under which 
these rocks exist, also seem to show that they could not 
have been produced under similar circmsostances with the 
volcanic products of recent origin. 

411. Some geologists have supposed that trap was 
thrown up under the sea, and that the pressure of the 
water has been instrumental in causing the difference 
between these rocks and the lava at present ejected. 
But were this the case, it might be expected that maiine 
pHKlucts. as shells, would occasionally be found in their 
fis.suros, helving fallen there after they had cooled, and 
before thcj' wore elevated. 

412. No satisfactory theory of their characters. — If these 
rocks were thrown up in the open air, as lava is at this 
day, and after the elevation of the land from the sea, then 
we might inquire how products having the same origin, 
and under similar circumstances, should differ so materi- 
ally in texture and appearance, the trap being solid, while 
the lava is always porous, sometimes even floating on 
water. Besides, the lava is commonly spread out in thin 
sheets, as it runs in the liquid slate from the mountain; 
while the trap, in most of its varieties, is in the form of 
steps, as its name indicates. It appears, therefore, that in 
the present state of knowledge, no satisfactory solution 
can be given why these rocks, which all geologists agree 
were once in a state of fusion, should assume characters 
so distinct from the volcanic products of the present time. 

What is the composition of trap rocks ? What rocks belong to the trap 
family ? What is said of the origin of trap ? 
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413. The color of this rock is dark grajdsh black, or 
brownish gray. It is found both in large, shapelesi* 
masses, and in columnar prisms, with from three to nine 
■ides, or faces. These columns are of all sizes, from a 
few inches to several feet in diameter, and sometimes 300 
or 400 feet in height. They are composed of joints, or 
blocks, of the same angular shapes, resting on each other, 
and standing in rows, or clusters, sometimes consisting of 
several hundreds in the same range, or group. 

The texture of basalt is fine-grained, or compact, and 
it often contains other minerals imbedded in it, as feldspar, 
quartz, mica, leucite, and oxyd of iron. It also exhibits 
hollow cavities, or vesicles, apparently formed by bubbles 
of air during its fusion. 

414. Columnar Basalt. — All the members of the Trap 
family occasionally assume the form of columns, more or 
less perfect, but in-this respect basalt excels the others. 

These columns appear to have been formed by a natural 
and crystaline division of the whole mass of basalt, 
after its elevation to the surface. This division being ver- 
tical, the columns stand, ^hen not since disturbed, in 
nearly a perpendicular direction. They vary in the num- 
ber of their angles and sides, from three to eleven or 
twelve, the medium nimiber being from five to seven. 
These are often perfectly regular, the angles being sharp 
and well defined, with plane and smooth faces, as repre- 
sented by the outline Lign, 8t 

lign. 87. 





Angular basalt. 

415. In most cases, when standing in their original 
positions, their sides are in contact, or nearly so, the an- 

What is the color of basalt ? To what family does basalt belong? De- 
scribe columnar basalt. 

ao» 
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glea of one column «o exactly fitting the maiiix made bf 
several others, as to prove Oiai the whole were cmcc a 
single niasa, the eepardiion being only in cousequence of 
the ctyslaliiic process, which gave each ita present angit 
lar form. The columns are sometimes longittKliiuiltf 
continuous for the distance of many feet, anil at othoi, 
separated into blocks by joints, which are mostly hofiztO' 
tal, and which appear to bace been ejected by ciyitaline 
arrangement. 

The appearaace of a aix-eided basaltic column, regu- 
larly jointed — that is, consitsiing of short prisms, laid oa 
each other — is represeatcd by Lign. 89, Fig. I. It is not 
cqfnmoo, however, that the prisms are as r^ular, with 
respect to length, as here represented, the jcwnls being 
mostly repeated at intervals, varying from a few inches to 
several feet. 



In exposed situations the prismatic blocks, represented 
above often loose their angles by the action of the weath- ' 
er, and become irregular somelimea approaching the 
globular form but still retaining their columnar posilion, 
as shown by Lign 88 ?ig 2. I 

It must not he understood that these basaltic columns ] 

Are l»ullic columns tko effecl gf cryalali: 





feoemll; preserve their vertical positions, as usually rep- 
xeseated by the drawing^s of Stalla, and the Giant's 
Causeway, these being rare instances, both wirh reaped 
to position and height. These columns are found ia 
#»«/ iwaition, from the horizontal to the vertical. Lign. 
pS r^rosents Fiagal'a Cave, on the island of SlaJfa, one of 
ibe Weatem islands of Scotland. Many of the basaluc 
coluoms have fallen down. The round massive cap is 
basaltic. 







416. TiuP MotiNTAiNs.— Trap rocks often form moun- 
tains of considerable height, and ■which sometimes spread 
over large districts of country. The island of Skye, on the 
westemooast of Scotland, is one continuous maas of erupted 
matter, 5U miles long and 20 broad. With respect to the 
elevation of these mountains, the following are examples : 
Momit Tinto, in the district of Clyde, ie 2,036 feet high ; 
Benmore, on the island of Mull, 3,097 ; Salisbury Craig, 
Scotland, 550, and Arthur's-seat, near Edinburgh, 800 feel. 

On this side of the Atlantic, Mouot Holyoke, in Maa- 
sachusetts, is 900 feet above the level of the sea, and 
Mount Tom, on the opposite side of the Connecticut, is 
nearly 1.000 feet high. A portion of the trap rocks at 
Mount Holyoke iisaumes the columnar structure, but they 
appear to ditfer from the true basalt, in being lighter in 
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color, and in wanting the vesiclee usually seen in broken 
■pecimens of foreign haBall. It ia conaidered a Green- 
stone rock. Perhaps Basaltic Greenstone, in view of ita 
columnar appearance, would be a better name. 

417. GaEEKSTOKE. — This is a compact, hard, tenacioiw 
trap Fock, of a dark grayish color, with a greenish tinga, 
and hence the name. It is eaaentially composed of hom- 
blend and feldspar. This rook occurs in beds of greater 
or less extent, sometimea forming extenaive ranges of 
mountains. In this country, greenstone is a common 
rock, the range of mountains on the west side of the Con- 
necticut, reachmg from New Haven to Northampton, is 
of this kind. These rocks, as we shall see in another 
place, are undoubtedly of volcanic origin, having been 
elevated to the present situation, through fissurea, by tha 
force of Bubterranean fire. 

418. Protrusion of greenstone. — Although greenstone, 
as belonging to the trap family, ia considered of volcanio 
ongin, and passes insensibly mto baaalt, atill there hava 
been but few instances detected, where it has protruded 
through superincumbent rocka, ao Eia to exhibit the fact to 
the eye of the geologist. The diagram, Lign. 90, from 
Hitchcock's Geology of Maaaachueetta, preaenta Buch a 




Protruaion of greenstone. 



" The protrusion," says the author, "of the unetratified 
rocks, through the stratified ones, by internal igneoua agen- 
cy, now admitted by moat geologists, has led obaerveiB to 
examine carefully for evidences of mechanical disturbance, 
near the Une of contact. They have, I believe, found less 
proof of such disturbance by the intrusion of greenstone, 

'WJuit ii the compotition of gneniMiiB T Whrtilnw Tjf* OT irnuiwiiilt t 
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than in the case of the older rocks, as sienite and granitel 
Every such case, therefore, deserves to be noticed. If I 
mistake not, the following sketch of a vein of greenstone, 
in argillaceous slate, is an example of this sort. The dike 
10 about ten feet thick, and the general dip of the layers 
d slate in the quarry, is about 30° south-east. But, 
OS shown in the figure, near the greenstone, it is consider- 
ably curved upwards, in the contrary direction. The 
quarry where this example occurs, is about half a mile 
north of- the powder-house, in Charlestown, Mass.'' 

419. SiENmc Greenstone. — The highly crystaline 
compounds which compose greenstone, feldspar, and 
homblend, having a granitic texture, with occasionally a 
portion of quartz intermixed, is called Sienitic greenstone ; 
a rock which passes into ordinary trap, on the one hand, 
and into granite on the other. 

420. Trachyte. — The name comes from the Greek 
iraekusy rough, because it is peculiarly harsh to the 
touch. This is a porphyritic rock, of a whitish or 
grayish color, composed principally of glassy feldspar, 
with crystals of the same, generally with homblend and 
oxyd of iron. 

421. Porphyry. — The name is from the Greek, signify- 
ing purple, because the first rocks so called had a purple 
color. At present, however, any rock having a compact or 
paste-like base, with imbedded crystals, is called by this 
name, whatever its color may be. Porphjny has the 
appearance of once having been in the form of a soft 
paste, into which crystals of various kinds, but most com- 
monly feldspar, have, by some unknown means, been 
introduced. When associated with granite, this is con- 
sidered a primitive rock, but it sometimes is found with 
secondary, or hjrpogene, and then again with volcanic 
rocks. It may, perhaps, be viewed as the connecting hnk 
between granitic and volcanic productions. 

422. Andent Monuments of Porphyry. — The columns of 
some of the most ancient and splendid edifices, were made 
of this material, of which some polished remains are still 
existing. The great hardness of this rock, being chiefly 
composed of sihcious matter, the high polish it is capable 
of receiving, and the variety and beauty of the colors it 

What is sienitic greenstanB f What does trachyte mean ? What is the 
meaning of porphyrf ? Whit peeaUaiities has porpViyr^ \ 
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often presents, afiKnd a combination of qualities for spkfr 
did and enduring architectural purposes, which is foond 
in no other mineral body. But the labor of forming inllan 
of this rock, 30 or 40 feet high, and 5 or 6 feet in diame- 
ter, such as the ancients constructed, is much too great 
for the present age. 

Porphyry, though not an uncommon lock, never occa 
in extensive formations, like limestone and granite. 

423. Amygdaloid. — The name is from the Gieek, 
amygdala, an almond, from the oval-shaped nodules it 
contains. This is another of the trappean family, and in 
texture presents more obvious proofs of its igneous origin, 
than anv of the others. 

424. The origin of its structmre may be traced in mod- 
em lava, in which pores or cells, formed by bubbles of air, 
or steam, are common, while the matter is in the mehed 
state. These are elongated by the flow of the lava, while 
it is yet soft, and thus these bubble cavities become oval, 
or almond-shaped. After this igneous product has con- 
solidateil by cooling, these cavities still remain, and the 
whole lieing jwrous, are filled by the infiltration of silici- 
ous or calcareous matter. In some amygdaloids, theae 
nodules have decomposed by exposure, when the empty 
cells present the same glazed or vitreous coating that if 
seen in the slags of furnaces. 

425. liAVA. — This term is said to come from the Gothic, 
si^nifyinii: to nin^ in reference to the flowing of volcanic 
matter; and this application is retained to the present 
duy, althou<2:h volcanic products present a great variety in 
appeanince and composition. This general term for all 
the liquefied products of volcanoes, therefore includes those 
which are (listinguished by several names, as volcanic 
^slatrs^ voJranic rnamel^ cellular lava^ co?npact lava^ pumice^ 
&c. The colors of lava are commonly yellowish, of 
greenish ^ray, sometimes running into sulphur yellow 
and «xriiyish black. Some are quite compact, and receive 
a fine ]K)lish, while others are full of small pores ; and 
others are fibrous, with a silky lustre ; but all the different 
kinds nui into each other. Pumice is sometimes so full 
of air-cells as to swim on water ; the vicinity of subma- 

What does uinygilaloid mean ? How is this rock formed ? What does 
lava mean, and to what products is it applied? 
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cAcanoee having often been indicatnd to sailors by 



426. Alihoufrh, in the foregoing pages, il has frequently 
been intimated ihat the trappean rocks were of supposed ig- 
neous origin ; yet, with the exception of the single instance 
of the prolnision of greenstone, (418,) we have produced no 
I evidence that this was the case. U is true, as already 
, noticed, (412,) that no satisfactoTy reason can be shown, 
why these rocka differ so materially from the volcanic 
products of the present time, if, indeed, they have had a 
common origin. But it may be remembered, that we know 
nothing of the circumstances under which they were pro- 
duced; and were the contrary the case, perhaps the solu- 
tion would be in no degree facilitated ; since, at the presem 
time, we see that volcanic products, thrown out of the same 
cntter, and at the same time, differ as much in appearance, 
l^ure, and composition, as lava does from any of the trap 
rocks; and yet no one can solve the question why this is so, 
I 427. Proofs of the fiunon of trap rocU— The igneous 
otrigin of trap, especially of basalt and greenstone, is proved 
' by the fact, often observed, that when they come into con- 
' tBCt with the strata of other rocka, in their passage from 
, below, towards the surface of the earth, the effects of 
I heat are always apparent on such strata. 
' 428. Effects of a basaltic dike on coal- — When a dike of 
basalt intersects a stmtiun of coal, the latter, to the dis- 
tance of several feel, or even yards, is deprived of its bitu- 
men, and converted into coke. And it may be stated, as 
, a well-known fact, that the effect of a basaltic dike on 
the contiguous strata, is precisely that which would have 
been produced, had the matter of the dike been at a red, 
or even a white heat, at the time of ils protrusion. 

429, Proirusion of trap between strata. — But there are 
other circumstances which show that basaltic dikes were 
fanned in a fluid state ; for when these penetrate stratified 
formations, the matter of which they are composed some- 
times insinuates itself between the strata from beneath, in 
a manner which would be impossible, had it not been in 
that state. Dr. MaccuUocb, in his Geology of the Wenlem 
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ItUs, illustrates this point bj a diagram, which i 
Lign. 91. 




The rock is Btratified sandstone, which the fused basall 
has pierced from below. The vertical lines, a, represent 
the basalt, partly incumbent in the unconformable position 
on the horizontal strata e, c. At b, b, the basalt has forced 
up the snndstone, and passed between the strata, two of 
which it has entisely separated from their fellows, form- 
ing between them sheets of its own matter. 




if basalt piercing ODOther. 



430. One dike nf basalt pierced by another. — In some in- 
stances, a large vein of basalt is pierced by a smaller oas, 
which, passing through its middle, divides it into two parta 
Such an instance is represented by Liga. 92, from Dr. 

Wh«t gealogiud fact i( prored b; Ugnt, SI and SB. 
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s Geology. The great basaltic dike a, a, paBsei' I 
igh calcareous sandstone, aad b, & small vein of th« 
1 matter, has passed through its aiis. It is most prob- 
thal the dike first made its way through the sand- 
a, and on cooling, wns fissured ihrough the reiiddle, 
that this was filled hy a second eruption of liquid 
It from beneath. 

1. Basallie veins formed from above. — Although, in 
ly every instance observed, the veins of trap appear to ^ 
I ascended from below towards the surface, still >| 
iB that there are cases where the fused matter had 
( in the conlrary direction. This rare phenomenol 
rs in the island of Skye, one of the western ialea tf 
land, and is deacribed by Dr. MaccuUoch. 




be basaltic veins traverse the sandstone strata ii 
cal direction, and parallel to each other. The ma__ 
'e the vertical lines, Ligit. 93, which are the basaltic 
3, is basalt, end from which the veins appear to have 
ended; and they are so numeiouB in some places, as 
ly to equal, taken collectively, the mass of rock 
ugh which they pass. Sometimes six or eight veins 
IT within the space of 150 feet, and their aggregate 
■nilude is apparently 60 ot 70 feet. Their average 
dth is about ten feel, though they vary ftom five toj 
ily feet. , ■ 



L 



What tan fact ia ahown by Lign. 93. 
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It is certainly very difficult to account fcv the maniMi 
in which iiaiure performed this work. Were the rani 
only an inch or two thick, we might suppose that the 
incite* i trap asccmioci by the large middle vein, seea m the 
(irawinjT. and having fissured the sandstone by it« greti 
heat, (Icscciuloil again by the apertures thus produced; but 
I ho fissures are much too large for such a suppositioo. 

It is supi^oscd that every basaltic dike terminates in a 
mass of the same matter below the surface; and, tbere- 
fon\ that the lucks, resting on the surface, are connected 
by these veins with the mass beneath; so that such dikes 
and veins are necks, passing through the crust of the 
earth from one to the other. 
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PLUTONIC ROCKS; 
TUKIR ORIOIN, NAMB8, COMPOSITION, AND APPBA&ANCEI. 

4:V2 Wk have already (364) given a general accotmt 
of the Plutonic nx'ks; stated that they were formerly 
callcil ;>riMM/ttv« and have given the reasons why this 
name has Ihhmi changed, (359.) 

GRANITE. 

This IS the princii>i\l rock in the Plutonic class, and is 
so c:\llcHi biH'ause it consists of grains. It is, as already 
staled, ^o04,) com}K^eii o( feldspar, qudrtg, and mica^ all of 
them in the crvstaline fonn, and in the coarse-grained vari- 
eties» quite distinct fn>m each other. Their colors are also 
very diffenMit, that of the quartz being more commonly 
white, that of the feldspar, yellowish or flesh-colored, and 
that of the mica, black. These colors, however, vary in 
dirteaMit rocks, the quartz being sometimes rose-colored, 
the feldspar milk-white, and the mica also white, and in 
thin plates, as transparent as glass. 

The hkgreilients of gmnite all occur in crystals, under 

What is the principal rock in the Plutonic class ? What are the ingre- 
dients of granite f What are the colofs of these ingredients T 
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favorable circumstances ; but in tbe production of tbis rock, 
the crystalization is confused, because tbe particles of 
eacb bave no room to assume tbeir determinate forms. 

Ghranite never occurs in layers, like mica-slate and 
gneiss; and being crystaline in its texture, is sometimes 
called unstratified crystaline rock. 

Tbe components of tbis rock, not only differ widely witb 
lespect to tbe proportions of eacb, but also in tbeir sizes ; 
in some granites tbe ciystaline masses being nearly a foot 
in diameter, wbile in otbers, tbe grains are Httle larger tban 
tboee of sand. 

IGNEOUS OaiOIN OF GRANITE. 

433. Geologists formerly believed tbat gmnite was of 
aqueous origin ; tbat is, tbat tbe materials of wbicb it is 
composed, were first dissolved in water, as preparatory to 
tbeir assuming tbat solid and crystaline form wbicb it 
presents at tbe present time. Chemistry bas long since 
taugbt us tbat no substance in tbe laboratory of art, nor, so 
far as is known, in tbat of nature, ever assumes tbe crys- 
taline form until it has been dissolved in some fluid; and, 
indeed, a single consideration will show, beyond all ques- 
tion, the necessity of such a solution; for otherwise, there 
could be no motion among the particles of which tbe crys- 
tal is composed; and without free motion, it is equally cer- 
tain that these particles could never take their places ac- 
cording to the laws of affinity; in other words, never could 
assume the crystaline forms. 

434. Different substances require different solvents. — The 
kind of fluid in which the particles are dissolved, it is ob- 
vious, must depend on the nature of the substance. Thus, 
some are soluble in water, others in alcohol, and others in 
caloric. Now, although the materials composing granite, 
are nearly insoluble by artificial means, still, there is no 
doubt that, under a very high temperature, with the aid of 
pressure, they would be soluble in water, or in caloric 
alone ; and the phenomena, as we shall see, afford conclu- 
sive evidence that the latter was the solvent, and that the 
materials composing granite were once in a state of fusion. 

435. The igneous origin of granite proved. — The igneous 

What was formerly believed to have been the origin of granite ? Does 
any sabstanoe crystalize without solution ? What was the solvent of gran- 
ite? 
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oiigin of (rniiuie i« satisfnctorily proved from the j^wam 
MMof iisvciiia: from the calorific effects of ihew veins a. 
til.' wiilln iif ihr rocks through which thev hai* po- 
triil<<<l: fniiii ilu- intrusion of granitic matter betweeDth* 
■tmin of various rocks, through which such veins haw 
bti'ii fiini'tl ; luui, Inatly, from the paseage of kn<nni ig«- 
oiiH riH'ka into gmiiite. 

4aii. Thi phrnomrna of trap and granite exactly tiw 
ilar. — Ihiving already shown (427) the undoubted inw- 
oiis orijriu of trap rocks, by provuig that their maim 
whtMi ill ilu' Btift slate, was forced between the strata of 
oihiT niiks, (/,i^'n. ni,)we shall now show that the same 
phi' iioiiii' 1)11 lire foiimito attend the veins of granite when- 
fvirilu'yirikvcrsc other rocks; there being every iitdicatiao 
thill th(>0» veins were also forced up from below, in a MaU 
of fiuiou. 




Such nn iiislni-ice is rf)irfaenled by Lign. 94, which, 
according to Dr. Miicculloch, occurs at Cape Wrath, in 
SrolUinil The slratii through which the veins pass, ore 
of gneiss, mil! it will be ohsen-pil, that they intersect each 
other ill vurioua ilin-ctioiis, being curiously branched and 
coniorti'il, ri'seinbliiig so many snakes crawling from thai 
den, 'I'hc iiuiss of granite below the strntified gneiss, fa 
also appi\rciit ; and us the veins end before reaching the 
•urface, we cannot but infer that they were forced up in a 

How is it proved thai jnnite was nnco in ■ stale of ftuiaii t 
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_ 1 state from the underliiyinB' granite, with which 

iheir tninka are incorporated. Similar inatanccs, that is, 
of granite veins traveraing stratified rocks, and also granite 
rocks, are known to occur frequently. 

Dr. Hitchcock, in his Report of the Geology tif Massa- 
chusetts, has described and figured many such inBtances, 
lv70 of whioli we take the liberty of inserting, 




437. Granite pralruding through homhlend-slate. — The 
first occuTB at Ackworth, New Hampshire, where a dike 
or vein of granite protrudes through strata of homblend- 
slate, Lign. 95. As the traveler approaches the spot, says 
the author, he will observe, while several miles distant, a. 
remarkable conical, half-naked peak, chiefly of white 
granite, shooting up about 300 feet above the surrounding 
country. The prevaiUng rock in this vicinity is gneiag ; 
but at this elevation it is chiefly homblend-slate, traversed 
by an enormous vein of granite, a, and exhibiting two 
other protruding masses of the same, at a distance from it, 
b nnd c. The vein a. varies from one-half to four rods in 
thickness, and the mass b is four or five rods across; o is 



wide. 



21' 



438. A vein of granite passing through mica-slate. — ThB 
other occurs in Conway, MasaachQaeita, where the mica- 
slate, in nearly a peipondicular ledge, is repreeented by 
Lign. 96. The white vein showH the granite passing 
through, without disturbing the slaty structure. It is fine- 
grained, and about a foot wide. 

The object of giving this sketch, says the author, is 10 
show that this vein has produced no derangement of the 
mica-alate; for the different particles of thai rock occupy 
the same relative position on both aides of the vein ; hence, 
it is concluded that the granite was introduced after thfl 
consolidation of the slate, and probably was injected into 
an open fissure. 



439, Dr. Hibben describes the manner in which gnuul&' 
gradually passes into basalt, is one of the Shetland istandi 
'I'he ranges of the two rooks extend several miles, an4' 
are perfectly distinct. Near the place where they meet, th^ 
author says, that the basalt may be observed to conta^ 
many particles of quartz, this being the first indicaiion ot 
the approaching change in the nature of the rock. IVearW 
the granite these particlea increase and grow larger; anj 
the rock is gradually so changed as to consist of quarlM, 
and hornblende feldspar and greenstone, the latter being 4 
homogeneous mixture of homblend and feldspar. Agai^ 
aa we approach still nearer the granite, the disseminata 
portions of greenstone disappear, their place being supplia^ 



^^ OF GRANITE IN' 

%y an additional quantity of feldspar and quartz. The 
rock now coQsisla of three ingredients — feldspar, quartz, 
and homblend. The last change which lakes place,resulta 
from the atill increasing accumulalion of quartz and feld- 
spar, and the hornblend entirely disappears, and we have 
a well-characterized granite, consisting of quartz and feld- 

440. IiUnmion of granite into limestone. — At Glen Tilt, 
in the Grampian hilla, Scotland, the veins of red granite 
are Been branching out in all directions from the principal 
mass, aod meeting the contiguous slate and hmestone rock. 
The granite veins intenningle with, and disturb the strata 
of the other rocks, in such a manner as to prove not only 
that the former was in a fluid slate at the time of its in- 
)n, but also that it was forced up with great violence. 



:\ 




The diagram, Lign. 97, from Dr. Macculloch, represents 
the appearance of these rocks. "The granite at this lo- 
c&hly," says Mr. Lyell," often sends forth so many veins as 
to raticiilale wjth the limestone and slate, the veins dimin- 
iehing towards their tenninalion, to the thickness of a leaf 
of paper or a thread. In some places, fragments of gran- 
ite appear entangled in the limestone, and are not visibly 
connected with any large mass; while sometimes, on the 
other hand, a lump of the limestone is found in the midst 
of the granite. The granite is marked o, the limestone b, 
and the slate c. The oniinary color of the limeeMtie at 
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Glen Till, is lead blue, and it8 texture large grained; Ini 
wbere it npproaches the granite, particularly' where it k 
penelmted by the smaller veins, the crfslaliiie textured* 
Rppears, and it aesumeB an appearance exactly like ito, 
Blone, a change obviously owing to the heat of the intnii- 
ing mineraL" 

These proofs am considered sufficient to showlheipe- 
9US origin of granite, though an abundance of others DU^l ' 
' B adduced ftoca authors. 




Forphrnlio gcaaita. 

441. PoRFHYHiTic Gkanitb. — This name is applied to 
that variety of granite, wlijch has a. fine texture, with cry 8- 
tab of feldspar, sometimes an inch or two in length, acal- 
lered throug-h it. When the color of the base is dark, with 
an intermixture of black mica, this compound has quite ft 
curious, and Eometimes a striking appearance. Some pol- 
ished Hpecimens of this son are exceedingly beautifiiL 
An example of this variety, from Cornwall, figured in Ly- 
etCs ElemcnU, ia represented by Lign. 98. 

442. SiEWTE.— This is so called from the celebrated 
ancient quarry of Syene, in Egypt, where it is said this 
variety is found. It ia composed of quartz, feldspar and ' 
homblend, being a granite in which the mica is replaced 
by homblend. It is commonly fine-grained, and has all 
the appearance of ordinary granite; nor can it be distin- 
guished from it, except by so close an inspection as to ob- 
serve the difference between the crystala of mica and thoce 
of homblend. It is said to pass insensibly into sienilio 
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gieenstone by the loss of its quartz, which is a rock of the 
trap family, composed of feldspar and homblend. 

443. Serpentine. — The color of this rock is sometimefl 
green, black, and white, in crooked stripes, or serpent-like^ 
and hence the name. Serpentine occurs in both divi- 
sions of the hypogene rocks, being sometimes stratified, 
when it belongs to the metamorpfdc class ; and when un- 
stratified, it is a plutonic rock. The pure varieties of this 
mineral, called noble serpentine, consist of hydrated sili- 
cate of magnesia, generally of a greenish color. The 
common varieties are mixed with steatite, or soapstone 
and talc. These minerals are unctuous, or soapy to the 
touch, in consequence of the magnesia in their composi- 
tion. 

Serpentine often passes into steatite, and this into talc, 
or what is known under the name of French chalk, the 
latter being only a crystaline variety of soapstone. It is 
well known that the last-named mineral is in common 
use for domestic purposes, as the linings of stoves and fire- 
places, being uninjured by common degrees of heat. 

444. Talcose slate. — This belongs to the soapstone 
family, talc being the essential ingredient, but it is ordina- 
rily mixed with more or less quartz and mica, and some- 
times with feldspar and homblend. It is of a greenish 
color, and unctuous to the touch. This family, though 
not uncommon, are never found in extensive strata, 
forming mountains. 



CHAPTER XXXII. 

METAMORPHIC ROCKS; 

TU£1B, OENfiRAL CHARACTERS. ORIGIN, NAMES, AND COUPOSITION. 

445. Having thus given such an account as our limits 
will allow of the three great classes of rocks, the Aque- 
ous, or Fossiliferous, (366) ; the Volcanic, (404) ; and the 
Plutonic, or Granitic, (432) ; we now come to the fourth 

Why is serpentine so called? To what class does serpentine belong 7 
What 18 the common name of steatite ? 
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•arna rrvsuiid of liorablend. %vhicii wpre met with in 

niai-ps. : ir >. iistaiicp -n" -evprni iiun«.ire<i yanis tiomU 

^nnc'ioii . nn l.is .ijn-iv .lornuitfna .o -?o abundam. that 

•»mnit.'ii: >"'«»U)ir!sra. vvjyn Miarfim: •iimnffii 'he coimtrr, 

iuiw ■ oiiiouiiiim .: -.viiii :he .incieiit iioniblenil-smat.sob- 

orair.;it«- *; r.«* ,T'?aT j:r.eiss tbrmation of Norway. Fk- 

nifi;:.-.-. f''-.\-''»'i! •:.'• ^riuiite uui :he hurnbiendic alaie, 

iDov*^ ^eii::iuit*«i. jrauid uf mica .ind cnrstaiine feldspar 

iippear u Le -tu.-r. -o ^liai ■.■orks. resembiiii»r irneiss aud 

:mo:i-r-iaTf\. .■■■' 'toiiu-imi. Fn.ssiis ''tin i-arplv !j** "leTtjctedin 

•tiesf* ^ia:r:-5. -i.a la-v ire :nur»» ''(u.ipieielr '^ifaceii 'ji pro- 

:xir!:uii .» '..•■ .i«»"i' . rvsi.iiii'iH -fxirir** of the be<is. and 'Ji« 

\il':i.:t'' "0 'Li- ^riiiii:*-. La ricmt' '.uiic(?s the ;aiIiciou8 ma:- 

•f-r -i" He .M.i:--' ..:i5 i».'com»- a .rminuar 'pianz: and when 

iit'rni'L'-iiii Hid Qica ire ulded. The -.iltereil rock loses iw 

.smiinciiTion. iiui 'Jiiasseo mo a kind of trraniie. The 

•.i:.*■.■^• >nf. -.vLic'i :s ii poiUTs rpiaot<» from tke srranite. is of 

ir. wriir "rxf.r^. :»iuL- '-.nor. and oft«i abounds in corali 

le*' L.-.-s i -v'.::!*' rn'miiur murldt* near the irmnite. aome 

•imfs -ilioiiVTs, 'iif ^rimuiar .stniciure exiendniir occasion- 

lil" ::-v ■:■.:> »f ..-jum reer inmi -he -mn'T'.un : :inii :he 

•!.n-.i.- -"-'."..J ".'r i;-- uus* "KUT t'niiirmn^l. -houirli some 

•u„r.s H'o.-f'-r.-t-i. -vrii :ii 'he '.v'nire luurble. Both rlie altered 

.i::it-sT..i>f in«i .i;.rdoiied siati* I'outain iraniefs in manv 

ni.ir '.s L*<'"i. 'P"^ >f ron. ^eaii. .md '"rnnjer, with some sdver. 

7y-vA -.li-st^ lii I uiii-r riu-'s of a :4imilar natinre. Mr. 
!-■":'. i»;i:ii--. ■• M;ir -.loweni exist :n na::Tre. <'apable of 
•ra:iai"ir;.:.-.'j ."•.SftrafiT'ins nto orrsTalhie strata; powers 
''.:t;);i.iie ;f j: ■■.»-';:i::;.ir .n *hi".n a ntjw mineral character, 
snui.ar — •:::■■ .Vvw .ihsoiuTeir liiMinral — with that of 
j:>-:ss, ..i:r:: -i.;..;. i.i»i jlIihi* sdtirirleii memners ot' the 
hv '.r/sT ''■-♦* "-r.es " 

H.I -.r.u ■-. :s ''xr-i;«::iHi M--. L veil's theorv of the 
Ci-..-i/..r.%s -.wiirL. -.^.^ t-yi:«>irei:e nx'ks have luidersrone, 
si"..,-.vi..Lr *":".ar '.vi:ar irfr i.ow iriiHss and mica-shist, were 
owr.f. r:,v.- :,in:j* or saatisfone. we will proceed to notice 
snme of ti.»^ ir.divniu.ils of this rl;».ss. 

i i\) The rh:f:i memiDers of the metamorphic series, are 
f^nnjis. mura-.wi.'tt, kornhitnui-sinst, day-slate, cklarite-shist^ 
find mrjnmfrrpkic limestone, fVV'e use the word slate when 



V^ r.iif ;irft the mfimU-rs •»! rhe Metamori)liic series ? What is the diffn* 
«nc« FjfttwApn shj«i, and .sintc f 
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Ute miseral is fissile, but when the sLructure, though slaty, 
is not divieibte into ibin layers, skist ie used.J 

450. Gneiss. — This rock may be considered stratified 
granite, being formed of the same tnateiiais, namely, 
•quartz, feldspar and mica. The strata are often imperfect, 
Uie layers running into each other. The materials are not 
promiscuously inlermiugled, as in granite, but are aggre- 
gated together ; and each commouly having a diflerent 
color, the rock has a striped appearance, especially when 
broken a 




A specimen of this rock is represented by Ltgn. 99, and 
which gives a good idea of its most common appearance. 
In this specimen, the white layers consist of granular 
feldspar, with here and there a speck of mica and a grain 
of quartz. The dark layers are composed of gray quartz 
and black mica, with occaaionally a grain of feldspar in- 
termixed. The rock splits most easily in the plane of 
these darker layers, and the surface thus exposed ia almost 
entirely covered with shining spangles of mica. As 
already staled, (447,) this rock is nearly always as- 
sociated with granite, and probably the heat by which it 
has acquired its present form and texture, was communi- 
cated from that rock. 

451. Mica Smsr. — This, next to gneiss, is the most 
abundant of this series of rocks. It is chiefly composed of 
mica and quartz, the feldspar being only in small quan- 
tities, or in some instances quite absent. The quartz is 
usually in fine grains, and the mica usually predominates, 
or, at least, is much the most apparent, some specimens 
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being chiefly compoBed of small scales of mica, closely 
adhering together. It is much more distinctly stratified 
than gneiss, and where the mica is abundsuit between the 
layers, is easily split into slabs. 

At Bolton, (Jt. is an extensive quarry of mica-shist, from 
which large quantities are taken, chiefly for the purpose of 
flagging the side-walks of cities. The flaggings of the citj 
of Hartford, often present these strata, measuring 12 or 
14 feet in length, by 8 or 10 wide, and only four or five 
inches thick, and perfectly level. These are split at the 
quarry, and are so perfect in all respects, as only to require 
the chisel to trim the edges. The strata at this quany, 
where the best specimens occur, are nearly perpendicular. 
Gneiss is intermediate between granite and mica-shist in 
its structure, and is often interposed between these rocks, 
lying over the former and imder the latter, {Lign. 71.) 
bideed. these rocks pass by insensible grades into each 
other, the gneiss passing into granite by losing its stratified 
structure, and into mica-shist by becoming fissile. This 
rock often contains garnets, very perfectly formed, with 
twelve sides, and of a reddish color. 

452. HoRNBLEND-sHisT. — This is composed principally 
of hornblend, with a variable quantity of feldspar, and 
sometimes grains of quartz. It is usually of a dark or 
black color ; and when the hornblend and feldspar are 
nearly in equal quantities, and the rock is not slaty, it cor- 
responds in character with greenstones of the trap-family, 
(417,) and has been called "primitive greenstone." 

453. Clay-slate, Roof-slate. — The soft, yellowish 
clay-slate is an aqueous deposit; while the roof-slate is 
found among the primitive or metamorphic rocks. It 
usually is of a dark or slate-color, exceedingly fissile, being 
readily split into layers of only a quarter of an inch in 
thickness. It is well known as a roofing-slate, and is also 
in extensive use, as a graphic, or writing-slate for schools. 

454. CiiLORiTE-suisT. — This is a green slaty rock, in 
which the simple mineral, chlorite, so named on account 
of its green color, is the essential ingredient, and occurs in 
the form of foliated plates. It is commonly blended with 
grains of quartz, and sometimes with feldspar and mica. 
It never occmrs in such quantities as to form mountains. 

What is the composition of homblend-shist ? What is the appearance 
of chlorite-shi8t ? 
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CHAPTER XXXIIL 

RELATITS AGES OF THE POUJt CLASSES OP ROCKB. 

455. We have now named and described, separately, all 
the principal members of each of the great classes into 
which geologists of the present day divide the Mineral 
Kingdom. But the subject of rocks, though treated of in all 
other respects, cannot be considered as finished until some- 
thing, either by waj^ of facts or conjectures, be offered 
with respect to their relative ages. Of the actual epoch 
of their creation — that is, when " Grod created the heavens 
and the car/A"— of course, we know nothing. This, the 
Mosaic history informs us, was in the " beginning ;" and we 
must believe, however remote might have been that period, 
that all the materials of which the earth consists, were 
brought into existence at that time; since there is no ac- 
count of the creation of any inorganic matter, belonging 
to our earth, at any subsequent period. These materials, 
as we shall more particularly show hereafter, have under- 
gone great, and, in many instances, repeated changes 
among themselves, and with respect to each other. But 
the actual periods of time, when these ancient changes 
were effected, were too remote even for conjecture, and 
therefore it would be useless to speculate on that point. 
The period, however, at which the rocks assumed their 
present relative positions — ^that is, which first took its pres- 
ent situation with respect to the others — is a question 
which can often be decided by the indications of the rocks 
themselves ; and this is the subject of the following 
observations. 

AGES OF THE AdUEOUS ROCKS. 

456. It will be quite apparent, that with respect to the 
relative ages of a series of horizontal strata, lying in the 
position in which they were deposited, the lower stratum 
must be the oldest, and the upper newest. Each layer in 
such a formation was once the uppermost, whatever sit- 
uation it may now occupy with respect to the others. The 

How are the ages of horizontal strata determiaed with respect to each 
other? 
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lowest stratum, when fiist deposited, was the highest, 
until another was placed upon it ; and so of all the othen, 
until the deposition ceased. 

457. Fractured strata difficult to determine, — When the 
strata, though once horizontal, have been broken, carved, 
or inclined, or perhaps placed the lower upon the upper, it 
is often difficult to decide concerning the original order of 
superposition. In these cases, which often occur to tin 
experienced geologist, the only method of decision is to 
find, in the continuation of the strata, a spot where no dis- 
turt^nce has taken place, when the original order can be 
determined. 

458. Test of fossil remains. — ^In cases where peculiar 
fossils, as a particular species of shells, are found in the 
seams of horizontal strata, and the same occur where the 
rock has been disturbed, and placed in an inclined, or even 
vertical position, the discovery of the same species in the 
disturbed strata, is a sufficient proof of a simultaneous 
deposition throughout the entire range. If, now, we 
descend a few yanls, or sometimes even feet, below, or 
above, the strata, which might have been identified by 
these peculiar remains for hundreds of miles, we shall 
probably find an entirely different order of fossils, which 
identify another set of strata as before. 

459. Universal application of this test. — I'he above test 
of the similar age of strata, by the identity of the fossil 
species they contain, has been verified in almost every part 
of the earth ; and, says Mr. Lyell, has led to a conviction, 
that at successive periods of the past, the same area of 
land and water has been inhabited by species of animals 
and plants, as distinct as those which now inhabit the 
antipodes, or which now coexist in the arctic, temperate, 
and tropical zones. It appears that, from the remotest 
period, there has been ever a new coming in of new organic 
forms, and an extinction of those which pre-existed on the 
earth ; some species having endured for a longer, others 
for a shorter period ; but none having ever reappeared after 
they became extinct. This circmmstance it is which 
confers on fossils their highest value as chronological 
tests, giving to each species, in the eye of the geologist, 

What is said of fossils as a test ? How do fossil shells become the tesi 
of ages of rocks in different countries ? 
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that authority which belongs to contemporary medals in 
history. 

460. Example of this test. — As an example of the ap- 
pUcation of this test, suppose that the terebratukty an ex- 
tinct species of shell, is found in England, France, and 
America, then it is concluded that the strata in which it 
occurs is of the same age, being formed at the same period, 
in all these countries. An experienced geologist, therefore, 
only requires a fossil shell in order to determine the com- 
parative age, and perhaps the species of rock, to which it 
belonged, no matter how deep the strata, or distant the 
country where it was found. 

461. Test by included fragments. — Sometimes the frag- 
ment of older rocks are included in the strata of the newer 
ones. This test may be of use where it is desired to decide 
the relative ages of formations, in the absence of more 
clear indications. Thus, in the neighborhood of a chalk 
formation, if clay-slate or sandstone contain nodules of 
flint, such as are found only in chalk beds, then it is evi- 
dent that the chalk is older than the slate or sandstone, 
since it is by the disintegration of the former, that the 
latter has been able to afford such evidence. 

RELATIVE AGES OF VOLCANIC ROCKS. 

462. Test hy Superposition. — =If we find a volcanic 
product resting on an aqueous deposit, it is evidence that 
the volcanic matter is the newest of the two. But there 
may be cases where the reverse does not hold true ; since, 
if we examine below the surface of an aqueous deposit, and 
there find a stratum of volcanic matter, it does not show 
that the latter is the oldest, and that the deposit has 
been formed on it, because the volcanic stratum might 
have been forced between the others, without reaching 
the surface. ( See Lign. 91.) 

463. Test by the protrusion of dikes. — When fused 
matter is forced up from below, forming dikes, (Lign. 80,) 
the strata on both sides are usually disturbed, showing 
clearly that these were formed before the disturbance, and 
therefore that the dike is the newest of the two. 

464. Test by included fragments. — We may some- 
Give an example of this test. How do included fragments become tests 

of the relative ages of rocks? Explain the test of age by superposition? 
How do dikes decide the relative ages ? 

254* 
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times determine the comparative ages of volcanic rocb^ 
bj the fragments of other rocks which they contain. 
Thus, if a stream of lava contains fragments of trap, 
we may know that the trap is the oldest. If rolled peb- 
bles of trap are included in fossiliferous strata, it provei 
that the strata are the newest of the two. The reasoDg 
for both are obvious. 

DIFFERENT AGES OF THE PLUTONIC ROCKS. 

465. If we believe the Plutonic rocks, as granite, have 
originated at successive periods beneath the surface of 
the earth, we must be prepared to encounter greater diffi- 
culties in ascertaining their ages, than in the case of 
aqueous, or volcanic formations. Still the same general 
principles must here be employed as in the cases to which 
we have alluded. 

466. Test by relative position. — Where fossiliferous 
strata are met with, reposing on granite, or other plutonio 
rocks, it must, of course, be inferred, that the inferiority 
of position is connected with the superior antiqmty of the 
granite. 

467. Intrusio7i and alteration. — But when granite, in 
the state of fusion, sends protrusive veins into gneiss, or 
other stratified rocks, as shown by Lign. 94, we must 
conclude that the gneiss is older than the intrusive matter. 

468. Test by mineral composition and appearance. — In 
general, the proportions of the materials of which gran- 
ite rocks are composed, as well as their colors, are 
remarkably uniform in the same ranges of mountains. 
But it is rare that these characters are the same in differ- 
ent ranges. An experienced mineralogist, by such dif- 
ferences, has no hesitation in pronouncing, at a glance, 
whether a hand specimen belonged to a certain range in 
the Alps, or in Scotland, or in particular parts of Amer- 
ica. The sienite of Gluincy, near Boston, is a good illus- 
tration of these differences ; for although it has nothing 
remarkable in texture or color, yet the mineralogist, as 
well as the quarry-man, will distinguish it, in an instant, 
though mixed with hundreds of other granitic specimens. 
The geologist, from similar peculiarities of structure, 

Explain the test by included fragments. Explain the test of age by 
composition and appearance. Explain how granite, though the oI<fest of 
locks, may be newer than gneisal^ 
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tn appearance, can often determine the ori^nal continuity 
of the same range, where portions of it have been dis- 
turbed, or covered over and buried by subsequent strata 

469. Rendered accessible only by upheaved and denu» 
dfUion. — ^It is supposed, as already explained, that the 
granites, and other plutonic rocks, have originated at 
considerable depths imder the land or sea, (364,) and 
therefore are never exposed to human observation until 
they are lifted to the surface by volcanic force, and after- 
wards laid bare by the action of water, or by denudation, 
(407.) We must, therefore, suppose that these rocks, in 
pcnnt of actual formation, are the most ancient materials 
of which the crust of the earth is composed. It may, 
however, be the case that they have been fused, and even 
tak^n their granitic structure, perhaps, in limited portions, 
long after the stratification of gneiss or mica-shist had 
commenced over them. In this case, as shown by Lign, 
'94, the fused granite must have been of more recent date 
than the superincumbent gneiss, though, in general, the 
great body of granite rocks had a priority of age. 

DIFFERENT AGES OF THE METAMORPHIC ROOKS. 

470. These rocks may be considered as having a two- 
fold age— one the period of their deposition, and the 
other the period of their crystaline change by igneous 
causes, (454.) 

We can rarely hope, sajrs Mr. Lyell, to define with 
exactness the date of both of these periods ; the fossils 
having been destroyed by plutonic action, and the min- 
eral characters being the same, whatever the aga 
Superposition itself is an ambiguous test, especially 
when we desire to determine the period of crystalization. 
Suppose, for example, we are convinced that certain 
metamorphic strata in the Alps-, which are covered by 
cretaceous beds, afe altered lias ; this lias may have as- 
simied its crystaline texture in the cretaceous, or some 
tertiary period — the Eocene, for example. If in the latter, 
it would be called Eocene, when regarded as a metamor- 
phic rock, although it be liassic, when considered in refer- 
ence to the era of its deposition. El. p. 294. 

471. Primitive limestone. Carara marble. — We have 

How do metamorphic rocks have a two-fold B%e X 



260 DIFFERENT AGES OF THE METAMORFBIC HO0K8. 

already described a case, (448,) where limestone was 
changeil by heat into metamorphic rock. It appears, from 
the following, that what is now Carara marble was once 
common limestone. This marble abounds in the Alps, 
and its great antiquity was inferred from its ciystaline 
texture, from the absence of fossils, and from its pas- 
sage into mica-shist, containing garnets. This marble, 
fonnerly supposed by geologists to have been formed be- 
fore the existence of organic beings, has been proved to 
be altered limestone of the Oolitic period, and the imderlj- 
ing crystaline metamorphic rocks, are secondary saiid- 
stones and shales, modified by volcanic heat. 

472. Comparative ages of granite and metamorphic rocks. 
— The undisturbed strata of the metamorphic rocks are 
superincumbent on granite, whenever both are found togeth- 
er. Hence the supjwsition that granite was the first created 
rock, having been called, by the old observers, the " back- 
bone " of the earth. It was from the disintegration of 
this, and the transfer of its particles by water, that it 
was believed the stratified rocks, gneiss and mica- 
shist, were derived. Nor do modem facts appear to 
overthrow the foundation of this belief. When, there- 
fore, gneiss and mica-shist are overlaying granite, and 
on the fonner we find fossiliferous strata, and over the 
stmta, alluvium, and over the last, volcanic products, (all 
of which sometimes occur in the order named,) we are 
at no loss to decide, by the orders of superposition, which 
are the oldest, which middle-aged, and which the most 
recent of the series. 



PART IV. 

VOLCANOES AND EARTHQUAKES. 



CHAPTER XXXIV. 



VOLCANOES; 
GEOGRAPHY, GBNEKAL CHARACTER, AND GEOLOGICAL CONNECTIONS. 

473. The effects of water, in changing the form of 
the earth's crust, by the deposition of strata and denuda- 
tion, have been described in detail, to the extent of our 
limits. These effects are gradual, and generally so slow 
as to require centimes, in order to produce any consider- 
able results. The changes produced by earthquakes, on 
the contrary, are often as sudden as they are calamitous 
and fearful ; sometimes in a single hour, or even moment, 
not only reducing to fragments the most costly and solid 
monuments of man's industry, but also mutilating the 
face of the earth itself : tearing down mountedns, elevating 
islands from the depths of the ocean, or burying whole 
countries under inundations of hquid fire. 

GEOGRAPHY OF VOLCANOES. 

474. It is a striking circumstance, in the history of 
volcanoes and earthquakes, that these awful exhibitions 
of nature have hitherto been almost entirely confined to 
certain regions of country. At present, the Andes of 
South America are among the best defined of these 
regions. Beginning with Chili, in the 46° of south lati- 
tude, and proceeding north to the 27° of the same latitude, 
we shall find a line of volcanoes so uninterrupted, that hard- 
ly a degree is passed without the occurrence of one of these 
agents in an active state. About twenty are enumerated 
within that space, and there is no doubt but many more 
exist, some of which are dormant, and perhaps some have 
become extinct. How long an interval of rest entitles a 
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volcano to be considered as extinct, is not determined. 
Those which have always been inactive since the era of 
history, may perhaps be so considered. The volcano of 
Ischia, in Italy, was silent for a term of 1700 years; after 
which, it a^.iiii commenced a series of eruptions. 

475. Volcanoes of Chili — The volcanoes of Chili haw 
their chimneys pierced through mountains of granite, thui 
exhibiting the effects of a degree of force, of which man, 
without the existence of such phenomena, could have 
no where ganied the least conception. Villarcia is one of 
the principal volcanoes of this district. It is so elevated 
us to be visible at the distance of 150 miles, and buroB 
without iutenaission. Every year the inhabitants of this 
province exix'ricnce shocks of earthquakes. In 1822, the 
whole coast of Chili, to the extent of 100 miles, was ele- j 
vated several feet by a subterranean convulsion, of which 
we shall give an account hereafter. j 

476. Volcanic chains. — Proceeding to the north, where ! 
the Andes attain their greatest elevation, we find tn the 
province of Cluito, Cotopaxi, Antisana, and Pichinca, all 
of them in an active state, and frequently emitting flames. 
Tunguragua, is also in the same district. This moun- 
tain, in 17i>7, threw out a deluge of mud, which filled 
valleys a thousiind feet wide, and six hundred deep, form- 
irg barriers by which rivers were dammed up and lakes 
formed. North of Quito, in the provinces of Pasto and 
Popyun, occur six other volcanoes ; and in the pfrovinces 
of Guilt amala and Nicaragua, which lie between the 
isthmus of Panama and Mexico, there are no less than 
twenty-three volcanic mountains, all of them situated 
between the 10° and 15° of north latitude, some of which 
are constantly in an active state. 

This great volcanic chain, after being thus extended 
from south to north, nearly in a direct line, is continued 
through a great part of Mexico, from west to east. Here 
are five active volcanoes, known by the several names of 
Tuxtla, Orizaba, Popocatepetl, Jonillo and Colima. Still 
north of Mexico, in the peninsula of CaUfomia, there are at 
least three, and, according to some, five burning mountains. 

Thus we see that this volcanic chain extends nearly in 
an unintemipted course from Chih to the north of Mexico, 
a distance of nearly 4,000 miles. 

Another continuous volcanic range, of neiuply equal 
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BZtent, begins at the Aleutian islands, belonging to Rus- 
■ian Americ€i, and by a circuitous route, passes to the 
Molucca islands. Through this whole extent, earth- 
quakes of the most terrific description are common. 

477. But our limits will not permit the enmneration of 

all the volcanic tracts described by authors. Besides 

those already mentioned, Kamschatka has seven burning 

mountains ; the island of Java contedns thirty-eight great 

volcanoes ; the Molucca islands contain several, and 

among them that of Sumbawa, which, in 1815, suffered 

one of the most tremendous eruptions recorded in history. 

The islands of Jesso and Niphon, and Sumatra, contain 

more or less volcanoes ; and from the Caspian sea to the 

Azores, is a volcanic range. Of Sicily and Italy it is 

hardly necessary to speak in this enumeration, since the 

descriptions of Etna and Vesuvius, or Herculaneum and 

Pompeii, are well known, and are sufficient to indicate the 

volcanic disposition of that part of Europe. The West 

India islands have occasionally suffered great calamities 

ficom this cause; and Iceland contains many burning 

mountains, among which is Skaptar Jokul, which, in 1783, 

suffered an extraordinary eruption, which we shall describe. 

The whole number of volcanoes known is about 200. 

478. General characters and geological connections of 
volcanoes. — The forms of volcanic mountains are gener- 
ally so peculiar as to be distingmshed from all others. 
They ar6 commonly of considemble height, and sometimes 
very lofty. When solitary, they are of a conical form, 
and more or less truncated, that is, bearing the appearance 
of having been cut off at the top. When active, or but 
recently extinguished, the truncation has within it a cav- 
ity of greater or less size, called the crater. 

The accurate form of a perfect crater is an inverted 
conoid, and on Cotopaxi and Teneriflfe, they are surrounded 
by walls of lava, but most commonly this part is composed 
of ashes which have fallen down during eruptions. The 
size of the crater does not necessarily bear any proportion 
to that of the mountain. In some mountains, both the 
size and shape varies with every eruption. 

479. Proximity of volcanoes to tlie sea. — In nearly all 
instances, volcanoes are seated near the sea, or in the 
vicinity of a large body of water, and it was formerly 
thought that proximity to the water, was absolutely ' 
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ncccf^j^rv 10 ihoir action : nor is it certain that this ii Dot 

iViO i\-i>o r'r.o only exception to this general fact, ii 

Jl%nvi\*.w>. o.io of ihe bnrnin^ mountains of the Ande8.whidi 

i^ $.v.;:uc.i :noic than i\ hundred miles from the ocean, nor 

dixv -/. ;\i«iv;)r '.hai any considerable body of water is near 

iv It ha*. Viowcvor, been suggested, from some circum- 

stAnoe$ o\^:^o:-Ni\i with respect to this mountain, that it 

uiiiy }xvi^n'':y I'oniniunicate with the sea hy a deep fissun. 

iV. i«:\*.A ■...*: anoo:?, volcanoes have thro%vn out mud or 

\^-:\'.or. '.-.>: r a.': oi* lava and ashes ; and in some instancei, 

i\#V. v'' >•. 'V.s k:iuis have been found in the water thui 

e«v.''.«*'^- "V.vv.iarh no previous suspicion had existed of t 

f^v.-.unvr.v.oa'.'.tv.i Iviween the mountain and the sea. 

\OLOAMC ERVPTIONB. 

4<v^ The aonon of miV?t volcanoes is periodical, or 

nv.t*i •.•.*■•: v."..ir. :houch this is not the case with all. Vcou- 

vi\:s :'.'^*^ t/.:*.a att* sometimes dormant for a series of 

^.*r.\, v.- S:r.v.n\\^V.. in the vicinity of the former, hai 

\vo'. v\^'.> 'A ■.•'•'•>' Vv.riv.nir. over since two hundred and 

11* t-.x '.Nv.^ >xv.i'i> lv:\.^re the Christian era, being upwards 

oi" '\Nv^ •.-o/.s.\...l \oar^. JoniHo has continued to emit 

ti\"o< evor ji-.v.oo 17"»0. at which lime it was elevated 

tV' i^"":-^* -y.AV.-. o'.'. Nvhioh it stands. Hut Vulcano suffered 

rv> i" .•^^■•■vv.\ tor eleven centuries, and we have already 

'\...V •>• It Isohia lav donnant for seventeen hundied 

ve i*^^ 

• j'.:o apwar:^'-<^^''* wl;ioh attend volcanic eruptions, are 
... ^. . \'> <o'.:ie \".^s:anoes. flames issue suddenly and 
, \ ,'...'iv i"o-'.i *i*-«' ^'^'-^'^ atlordir.^ only splendid picturesque 
*''i.^.. r.i^.-;... IV.".: ;n o:b.or;?. the scene is the most terrific 
^^'*Y ..*■/-•'.•.:.' v^i' wV.-.oh the imagination can conceive. 
v\V .''^•' <■' iVi'r.r.vnioiis. we must, however, refer to particu- 
1 1'r er-M- vns, i'--'- lu'ooun: of which will follow. 

..,/'; ^,r;o'io"is ot' Vos;;vius and Etna, these mountains 
Win- m'lho'iui.lV. of a h:-hlv culiiyated people, are best 
d ' vrbed In^l^^^^^l- from the tune ol Phny, to the present 
dav. ihos.' have boon the subjects of mtereslmg and learned 

dis^si'iial'.oivs. . , 

4-^' tirs! app^^ii'-^tncf of nn cnipHon.—li\ general, the 
first appeanuKo of an erlipaon consists m a column of 
smokJ, rising to a great height and then spreadmg oiit m 
the form which Pliny compared to that of a pme tree. 
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rhis is followed by explosions from the crater ; by trem- 
iling of the earth, or perhaps by its alternate rising and 
falling ; the whole being attended by a rumbling, subter- 
ranean sound, forming both an eruption and an earth- 
quake. Flame is then seen to issue from the cone, 
attended by red-hot stones, often thrown to the height of 
several hundred feet, producing, in the night, those brilliant 
and terrific phenomena, so often described. During the 
emission of the black smoke, and before the fiame issues, 
there are often the most vivid flashes of lightning, which 
add greatly to the splendor of the scene. After these 
phenomena have existed for a longer or a shorter time, the 
melted lava, rising to the edge of the crater, flows over it, 
and runs down the side of the mountain into the plain 
below. This is in the form of a torrent of liquid fire, often 
narrow, but sometimes many miles in width. It sometimes 
proceeds rapidly, but more often slowly, the last portions 
of lava passing over the first, in small cascades. Some- 
times, or from some mountains, there is much smoke, and 
but little lava ; while from others, or at other times, the cra- 
ter vomits rivers of melted matter, without smoke or flame. 
The eruption of lava is often followed by showers of 
ashes, which consist of finely divided particles of lava, 
and which are often wafted by the wind to the distance of 
several hundred miles. 

The quantity of matter ejected by some volcanoes, is 
astonishingly great. Brieslak, an Italian geologist, cal- 
culated that the quantity of lava which flowed from a 
volcano in the island of Bourbon, in 1796, amounted to 
45,000,000 of cubic feet ; and that the quantity from the 
same, in 1787, was 60,000,000 of cubic feet ; and during 
one eruption from a mountain in Iceland, the lava flowed 
about ninety miles, having a width of at least twenty 
miles, and in some places, a depth of several hundred feet. 

PARTICULAR ERUPTIONS. 

We shall describe a few volcanic eruptions, selecting 
only those which have been the subject of peculiar, or 
scientific interest, or which have produced extraordinary 
effects, either with respect to the destruction they have 
caused, or the quantity of lava they have ejected. 

482. Eruptions of Vesuvius. — The most ancient erup- 
tion of this Italian mountain, of which there is any par- 

23 
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licular doscription, was in A. D. 79. at which time the 
cities of IliTculaneum and Pompeii were destroyed. It 
do«;s not appfjir thiit any lava, or mehed mntter. was emit- 
Icl at tliis iTuplion ; the ejected substances bein«: sand, 
asli«*s, and mud. I3ut it is certain that this mountain had 
pn-viously emitted lava, since the streets of this ciiv are 
paved with this substance. The first stream of lava, of 
which there is any account, was in 1036. being the sixth 
or s(»vc»nth eniption on record. From this period, all the 
eruptions which have taken place, are recorded, and mahv 
of liicm floscribed by scientific men. and at great lenslh. 

Souu' of them produced considerable changes, not only 
in till', form and api^earance of the mountain itself, but 
also of the country in the vicinity. That of 1538, ele- 
vatiul the land along the coast of Naples many feet, 
dostroy«nl many villages, and produced Monte Nuovoj 
which is still 440 feet in height. A description and figure 
of this motmtain has been given, Li^. 86. 

Thr mountain reduced in lieight. — From about the end of 
the IStli century to 182*2, the great crater of Vesuvius had 
been tilling up grachially with lava, which boiled up from 
bolow, so that the bottom of the cavitj*^ presented a kind 
of rocky ])ljun, covered with blocks, crags, and hillocks of 
volcanic n»attor. But during the latter year, in the month 
of ( )(Mob(T, the form and appearance of the ancient crater 
was iMitircly changed. The explosions at that time were 
80 viohMit during twenty days, as to break up and throw 
out the whole of that accumulated mass, leaving an im- 
mense gulf, or chasm, about three miles in circumference, 
and in some parts 2,000 feet deep. At the same time 
about 800 feet in height, of the original cone or top of the 
ancient crater, was carried away by the explosions; so that 
Vesuvius became reduced in height, from about 4,200 to 
3,400 feet. — Forbes in Ed. Journal^ and Scrape in Jour, of 
iScienre. 

48;^ Rnrular strata in the crater. — In ascending the 
momitain. its sloping sides are found to be covered with 
lot)s<» materials, intermixed with each other, without the 
slightest order, ami just as they fell from the crater. But 
on arriving at the crater it self/t he beholder is surprised to 
find that every thing is there arranged in the most perfect 
synnnetrj', and that the materials are disposed in regular 
undulating strata. These consist of alternate layers, 
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composed of lava, Band, ashes, and scoria, Ipng in distinct 
beds, nod alternating with each other, 1'hese have 
lesulted from the different colors and coarseness of these 
materials, and which severally remain in the some situa- 
tion and succession as they fell from the air during the 
diffireot emptiona. 




Eruption of VeeuTina. 



In some parts of the crater, are seen dikes or veins, of 
more compnct matter, intersecting the above-descrihed 
itrata. These are on the outside of the cone ; and being 
harder than the volcanic matter through which they have 
passed, they have resisted decomposition, and therefore 
project above the surface. 

These have imdoubtedly been formed by the filling up 
of open fissures with liquid matter, forced up from below. 
At what period they were formed is unknown, but if such 
fissures are formed by the coohng, and consequent shrink- 
ing of the crater, after an eruption, it is probable that, at 
the next eruption, these are filled with the fused matter, 
so that some of these veins may be formed at every 
eruption. 

484. Veins and liikes tn tlie crater. — In the adjoining 
diagram, Li<pi. 100. from LyeWs Oology, theae veins or 
dikes are represented, as also is the cone and crater of 
Vesuvius, and a part of the ancient Somma, as they 
appeared in 1823. ff, Mount Somma, or the remains of 
the ancient cone of Vesuvius ; h, the Pedamentina, a ter- 
race-like projection, inclosing the base of the recent cone 
of Vesuvius on the south side; e, A,trio dnl Ovio.\\n, so 
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called, because travelers leave their mules there, when 
llu\v prepare tti asoeml to the cone on foot ; r/ ^. the crater 
ot" Ves\iviiis. lei't bv the eruption of 182*4 ; jT, a small cone 
ill the bottom of tlie crater, thrown up in 1828 In the 
biitioms of many craters there are several of these small 

* 

cones, which are constantly emitting steam, or smoke, 
ami sometimes thnnv up lava; ^^, dikes intersecting the 
ancient stmta of Somma; h A, dikes intersecting the 
recent cone of Vesuvius. 

■tS/i. StttiM protlucimr rain. — Immense volumes of steam, 
or aijueous vajK>r, are evolved from the craters of volca- 
noes, iluriuir eniptions. These vapors, being condensed 
bv the surrounding" atmosphere, often fall down in torrents 
of rain. The min precipitates the volcanic dust from the 
air, and sweeps that along which had fallen on the 
declivity of the momitain, until a torrent of mud is pro- 
duced. Such torrents are as much to be dreaded as the 
inumlations of mud which are sometimes thrown from the 
volcano; and. with the exception of the heat, are more 
disastnuis than b\irning lava, being much more rapid in 
their descent, in ISivi, one of these mud streams de- 
scemied from Vesuvius, and, after destroying a district of 
ciUtivateil ground, suildenly flowed into the villages of 
St. Sebastian and Massa, where, filling the streets, and 
some of the houses, it sutifocateii seven persons. 

DKSTRUCTION OK PUMPCll AND HERCULANEUM 

48G. These cities were overwhelmed, and destroj'ed in 
the year A. O. 7{\ and most probably either by an allu- 
vion of mud, such as we have just described, or by an 
emission of the same kind of matter from the mouth of 
the volcano. 

It has been supposed, that it was by an eruption of lava 
thi't those cities were destroj-ed; but Lippi, an Italian 
writer, has shown that many facts presented by their 
ruins are incompatible with this opinion. Thus the casts, 
or impressions of jiersons, which still remain, especially of 
a woman, foimd in a vault at Pompeii, cannot be accounted 
for on the supi)ositi()n of flowing meltetl lava, nor of fall- 
ing volcanic ashes ; for the lirst would have utterly 
destroyed the form of the bodj', and the second could not 
have reached through the roofs of the buildings. 

487. Not destroyed by lava, — "There is decisive evi- 
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fe," sajrs Mr. Lyell, " that no stream of lava ever 
"reached Pompeii since it was first boill, although the 
foundations of the town stand upon the old lava of Mount 
Somma, several streama of which have been cut through 
in making excavations. At Herculaneum, the case is 
different, although ihe atibsiance which fills the iniprior 
Qf the houses and vaults, must have been introduced in a. 
atate of mud^ like that found in similar situations in 
Pompeii ; the auperincombeut strata differ wholly in com- 
position and thickness. Herculaneum was situated sev- 
eral miles nearer to the volcano, and has, therefore, been 
always more exposed to be covered, not only by showera 
of ashes, but by alluvions, and streams of lava. Accord- 
ingly, masses of both have accumulated on each other 
tdtooe the city, to a depth of no where less than 70, and 
in some places 1 12 feet. The tuff or mud, which envelops 
the buildings, consists of comminuted volcanic sand, mixed 
with pumice. A mask, imbedded in this matter, has left a. 
cast, the small lines and angles of which are quite per- 
fect, nor did the mask present the least indication of heat," 

These cities were both sea-ports, and Herculaneum is 
still near the shore, but Pompeii is at some distance from 
it, the intervening land having been made, at various 
times, by volcanic matter. 

Herculaneum was discovered 1713, by the accidental 
circumstance of a well being dug, which came directly 
upon the theatre, where the statues of Hercules and Cleo- 
patra were found. These cities are mentioned by ancient 
authors, as being among the seven flourishing towns of 
Campania; they were origioally settled by Greek colonies. 

4B8. Rchuildiag of these cities. — Both at Herculaneum 
and Pompeii, temples have been found, with inscriptions, 
commemorating the event of their rebuilding, after having 
been overthrown by an earthquake. This earthquake 
happened in the reign of Nero, sixty-three years after the 
Christian era, and sixteen years before the catastrophe by 
which they were finally destroyed. 

It is supposed that about one-fourth of Pompeii is uncov- 
ered, presenting streets, walla, temples, houses, and mon- 
umecta of art, many of them in the same condition as they 
were nearly 2000 jsars ago. Being covered with a del- 
uge of mud, even the paintings have been preserved, and 
iMy ood remains in a perfect state. In some instances, 
^■"^' 23' 
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the walls of the buildings are rent, probably by the earth- 
quitke wiiicli happened before the fatal eniption. but the 
Unices cliietlv remain entire. 

4S9. Interesting ruins. — Circumstances of great interest 
and cunositv are every where indicated amons: these ruins. 
Columns huve been found lying upon the ground half fin- 
ished, showing that the workmen were dnven from their 
labors: and the temple, for which they were designed, 
remains unfinished, in some places, the pavement in the 
streets has sunk down: but. in general, it remains entire, 
consisting of great flags of lava, in which two immense 
ruts have been worn bj- the constant passage of wheel- 
carriages. When the hardness of the stone is considered, 
the continuity of these ruts, from one end of the tow^n to 
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the other, is not a little remarkable, for there is nothing 
like it in the oldest pavements of modem cities. 

400. Inhabitants mostly escaped. — Only a very small 
number of skeletons have been found in either city; and 
it is therefore certain, that most of the inhabitants had 
time to escape, and also to take with them most of their 
valuable effects. In the barracks of Pompeii, were the 
skeletons of two soldiers, chained to the stocks ; and in the 
vault of a house, in the suburbs, were the bones of seven- 
teen persons, who appear to have fled there to escape the 
shower of ashes. They were found inclosed in indurated 
tuff or mud, which flowed from the mountain. In this 
was jjreserveil the cast of a woman, perhaps the mistress 
of the house, with an infant in her arms. Though her 
form was impressed in the rock, nothing but her bones re- 
mained. To these bones a chain of gold was suspended 
around the neck, and rings with precious stones were 
found on the finger-bones of the skeleton. 

The writings scribbled by the soldiers on the walls 
of the barracks are still visible; and the names of the 
owners, over the doors of their houses, are often easily 
read. 

The colors of fresco paintings on the stuccoed walls, 
in the interior of the buildings, are frequently almost as 
vivid as if they were just finished. Some of the public 
fountains have their pavements decorated with shells, laid 
out in patterns, still retaining, in all respects, their original 
condition ; and in the room of a painter, who was, per- 
haps, also a naturalist, was found a large collection of 
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shells, comprising a great variety of the Mediterranean 
species. These were in as good a state of preservation 
as if they had remained the same number of years in a 
museum. 

Wood still sound. — The wooden beams of the houses at 
Herculaneum are black on the exterior, but when cleft 
open, they appear to be nearly in the state of ordinary 
wood, and the progress made by the whole mass towards 
the state of lignite, (mineralized wood,) is hardly appre- 
ciable. Even small substances, of vegetable origin, are 
often found in a state of entire preservation. Fishing-nets 
are abundant in both cities, and often quite perfect; and 
in a fruiterer's shop were found vessels full of almonds, 
chestnuts, and walnuts, all in perfect shape. And what 
is still more extraordinary, in a baker's shop was discov- 
ered bread, with the name of the maker stamped upon the 
loaf, thus : Eleris Ct Crani Riser. On the counter of an 
apothecary was a box of pills, converted into a fine earthy 
substance, and, by its side, a small cylindrical roll, evi- 
dently prepared to be cut into pills. 

ERUPTIONS OF ETNA. 

491. Etna appears to have been periodically active from 
the earliest times of history, for Diodorus Siculus mentions 
an eruption of it, which caused a district of coimtry to be 
deserted by its inhabitants before the Trojan war; and 
Thucydides informs us that between the time when Sicily 
was colonized by the Greeks, and the commencement of 
the Peloponnesian war, that is, in 43 1 B. C, there had 
occurred three eruptions of this mountain. 

Great eruption of 1669. — But, notwithstanding notices 
of this mountain were recorded thus early, the first erup- 
tion which has been particularly described, was the great 
one of 1669. An earthquake, previous to this eruption, 
had levelled many of the villages and towns in the neigh- 
borhood, and at the commencement of which, an extraor- 
dinary phenomenon happened in the plain of St. Lio. Here 
a fissure, six feet wide, and of an unknown depth, opened 
in the ground, with a loud, terrific, crashing noise, and ran 
in a tortuous course, nearly to the top of Etna. Its direc- 
tion was from north to south, and its length twelve miles. 
This fissure, as it opened, emitted vivid flashes of light. 
Five other parallel fissures, of considerable length, after- 
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wai'is ©jjened. one after the other, emitting smoke, and 
^'-v.:.i' ij i: :h»f mosi horrid bcrllowings. which were heaid 
to :]-•- u.t'.'i::c»r of funv miles. 

Tii:? Ctis*r may. perhaps, explain the manner in which 
the dikes were foniied in the cone of Vesu\'ius. already 
descnbed and figured ; for the light emitted by these fissures 
wo-ild seem to indicate, at least in some instances, that 
they were, to a certain height, filled with glowing lara. 

49*2. Fourteen towns destroyed. — The lava, during this 
erjption. having overwhelmed and destroyed 14 towns, 
some of them containing three or four thousand inhabit- 
ants, at IfiJirth arrived ut the walls of Catania, a populous 
city, situated ten miles from the volcano. These walls 
had Ijeen raised sixtj' feet high, towards the mountain, in 
order to protect the citj-. in case of an eruption. But the 
burning flood accumulated against the wall, so as to fill 
all the space around and below that part, and finally 
poured over it in a fiery cataract, destroying every thing 
in that \'icinity. 

From Catania, the lava continued its course tmtil it 
reached the sea. u distance of fifteen miles from its source, 
in a current about 1800 feet broad, and forty feet deep. 
While moving on. its surface was, in general, a mass of 
solid rock, or cooled lava, and it advanced by the protru- 
sion of the melted matter, through this hardened crust. 

As an illustration of the intense heat of volcanic mat- 
ter, the Canon Recupero relates, that in 1766, he ascended 
a small hill, composed of ancient volcanic matter, in order 
to observe the slow and gradual manner in which a cur- 
rent of liquid fire advanced from Etna. This current was 
two and a half miles broad ; and, while he stood observ- 
ing it, two small threads of lava, issuing from a crevice, 
detached themselves from the main stream, and ap- 
proached rapidly towards the eminence where he and his 
guide were standing. They had only just time to escape, 
when they saw the hill on which they had stood a few 
minutes before, and which was fifty feet high, entirely sur- 
rounded, and, in about fifteen minutes, entirely melted down 
into the burning mass, so as to be incorporated with, and 
move on along with it. 

4l);i IHacovery of ice on Mount Etna. — A remarkable 
disc()V(!ry of a great mass of ice, on Mount Etna, was 
umdc in 1828. In that year, in consequence of the pro- 
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tracted heat of the season, supplies of ice at Catania and 
the adjoining parts of Sicily, failed entirely, and the peo- 
ple suffered considerably for the want of an article, con- 
sidered as necessary to health, as well as comfort, in that 
hot climate. 

In this dilemma, the magistrates of Catania directed 
search to be made for some crevice, or natural grotto, on 
Mount Etna, where drift-snow might possibly still be pre- 
served. During this search, it was discovered that near 
the base of the highest cone, there lay a vast mass of ice, 
covered by a lava current. At what period this current 
was emitted is imknown; nor can it be conjectured what 
proportion of the ice was melted by the burning matter ; 
but it appears that nothing but the flowing of the lava 
over this glacier, can account for its preservation. 

A large number of workmen were immediately em- 
ployed to quarry this ice for the use of the Catanians ; but, 
it is said, that its hardness rendered the expense of obtain- 
ing it so great, that there is no probability of a similar 
undertaking, imless imder similar circumstances. 

VOLCANOSB IN ICELAND. 

494. Iceland is both a volcanic country, and a coun- 
try of volcanoes. A considerable proportion of its sur- 
face is covered with ancient or modem lava, and it is 
now subject to the most dreadful calamities from this 
source. 

With the exception of Etna and Vesuvius, the most 
complete chronological records of volcanic eruptions are 
those of Iceland. From these it is ascertained, that from 
the twelfth century, there has never been an interval of 
more than forty years, and rarely more than twenty, with- 
out eruptions and earthquakes in some part of that coun- 
try. Single eruptions of Mount Hecla, have sometimes 
continued for six years. In many instances, the whole 
island has been convubed by earthquakes, during which 
moimtains were rent asimder, hills sunk down, and rivers 
have deserted their former channels. 

ERUPTION OF SKAPTAR JOKUL. 

495. In 1783, this volcanic mountain suffered one of the 
most extraordinary eruptions recorded in history, both with 
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resi)ect to the ciuantity of lava it threw out, and the calam- 
itied it occasioned. 

The rivor Skapta, a considerable stream, was for a time 
comi>lt'toly ilrieil, by a torrent of liquid fire from this 
mountain. This river was about two hundred feet broad, 
and its banks from four to six hundred above the level of 
the water. This defile was not only entirely filled to a 
considerable extent by the lava, but it also crossed the 
rivtT by the dam thus formed, and overflowed the country 
beyond, where it filled a lake of considerable extent, and 
gr«'at depth. 

This eruption commenced on the 1 1th of June, and on 
the iSlh of the same month, a still greater quantity of lava 
rush«.'d from the mouth of the volcano, and flowed with 
ama/ing rapidity, sometimes over the first stream, but 
gruerally in a now course. The melted matter having 
crossed some of tlie tributary streams of the Skapta, 
completely dammed up their waters, and caused great 
destruction of property and lives, by their overflow. The 
lava, aft rr flowing for several days, was precipitated down 
a tn^mendous cataract, called Stapafoss, where it filled a 
j)r()f()und abyss, which that great water-fall had been ex- 
cavating for ages, and thence the fiery flood continued its 
course. 

(.)n the 3d of August, a new eruption poured forth fresh 
flo()«ls of lava, which, taking a diflferent direction from the 
others, filU'd the bed of another river, by which a large lake 
was fonned, and much property and many lives destroyed. 

The elfo(its of this dreadful calamity may in some meas- 
ure be imagined, when it is known, that although Iceland 
did not, at that time contain more than 50,000 inhabit- 
ants, there perished 9,000 human beings by this single 
enijuion, making nearly one in five of the whole popula- 
tion. Part of them were destroyed by the burning lava 
itself; some by drowning, others by noxious vapors which 
the lava emitted, and others in consequence of the famine, 
caused by the showers of ashes, which covered a great pro- 
portion of the island, and destroyed the vegetation. The 
fish also, on which the inhabitants depended, in a great 
measure, for food, entirely deserted the coast. 

Quantity of lava. — The quantity of lava which Skaptar 
Jokul emitted during this eaiption, was greater than is re- 
corded of any other volcano. The two principal branches, 
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or streams of lava, flowed chiefly in different directions. 
The length of the smallest was forty miles, and of the 
other fifty miles. The breadth of that branch which filled 
the Skapta, was from twelve to fifteen miles, and the other 
about seven miles. The ordinary depth of each was about 
100 feet ; but in narrow defiles, it was more than 600 feet 
deep, and in many places, from 200 to 300. 

Allowing that the united breadth of this vast lava stream 
was 20 miles, and the whole length 90 miles, then this 
mountain, at a single eruption, threw out a quantity of 
lava which covered a surface of 1,800 square miles, an 
area equal to the fourth part of the State of Connecticut, 
and nearly one-half the size of Rhode Island. 

When it is considered that the depth of the whole 
might average 150 feet, we may go into calculations con- 
cerning the quantity of matter thrown out ; but we can 
have no conception of the force required to elevate such 
a stream of melted rock through the crust of the earth. 

ERUPTION OF JORULLO, IN 1759. 

496. Jorullo is situated in the interior of Mexico, about 
100 miles from the nearest sea. This mountain, as already 
stated, affords the only known instance of a volcano, at a 
distance from some ocean. It also affords an instance of 
the production of a new volcanic mountedn, within the 
memory of maa 

In June, 1759, subterranean sounds of an alarming kind 
were heard by the inhabitants of this district, and these 
were followed by earthquakes, which succeeded each other 
for two months. In the month of September, flames were 
seen to issue from fissures in the ground, and from the 
same place, red-hot rocks were thrown to an immense 
height. Soon after, six volcanic cones were formed of 
lava and the fragments of rock, thrown up from the earth, 
in the same neighborhood. The least of these was three 
hundred feet in height. In the midst of these cones, rose 
Jorullo, which was formed in the same manner, and soon 
rose to the height of 1,600 feet by the accumulation of 
lava and fragments of rock. The small cones ceasing 
their action, Jorullo became the great outlet of volcanic 
matter, and continued to emit lava and large fragments of 
primitive rock, for many months. Jorullo has continued 
to emit flames ever since its formation. 
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497 S'izio.\%vn IS .lie ■»! -lie Molucca islands; andtha 
mD\:.'..\.:\ :":o:a viiijL -.'Cc-JTed. on some iiccoimts. thenuxt 
exir.. .:::.. .r;.- .v ... a.^ie '-r.r.r.ion oi which any accounts 
aav»- »'r:- ;ec j-riie-.i. .s .rolled Tomboro. 

l..:s r:"-::.:i .o:.iiiieiiced o:i :iie alh of April, 1815. but 
was .^us: err-r-c .>n -iie i iih and 12th of that month; nor 
-iid .: .•-\<e • r.::reiy. ui::! some time in the following July. 
T'..^ 'X;:los:..':-s =0 .n.ich resembled the liiing* of heavy 
caii:.or. .: t list iiioe. :hat the people of many vessels ai 
sea. s-::.v.v.ae.i iirro .vaa i :rreat naval engugement within 
heiir::.^. 'i: . riid .lui imagine what nations were en- 
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i!ls7Uo,yio7is imri .••)0 imles. — The commanders of some 
shi;?5. iiid »i -jevr-rai iLii^lish forts, gave orders to prepare 
for M::ie. -iiu-iirh -lxeyw-.^re seveml Hundred miles distant 
from lie .no-i:i:.i'.:i. A: Sumatra, these tremendous explo- 
sions -.V'^re iistuicrly .leard. though not nearer than 900 
miles :"rom T nnboro. They were also heard at Temate, 
ill iir* >•.'•.>. .<ii,» iire'.Tiou from Sumatra, at the distance of 
7Cn -iiil'TS irnm 'lie -.noimtain. 

.Sn ■.inmeiise m -riiintity was the fall of ashes, that at 
Biuiii. *"*'i-^7 mik-s :r«nn -he mountain, the roof of the Eng- 
lisii R-.-sident's douse was cnshed by the weight, and 
many 't'it-r houses :n rhe same town were rendered unin- 
habiianie :Vom the same cause. At Java. 300 miles dis- 
tant. :iie lir was so full of ashes, that from this cause at 
miii-liiy- 1^ '^^ -^^^^^ -i^^ darkness was so profound, that 
noriimlx dke it ha«l ever before been experienced, during the 
n\i>* .st'omiy night. 

'J\ rnUt: effects of f/'iis eruption. — Along the coast of 
Sumbawa. the sea was covered with floating lava, inter- 
mixed wi:.h rrpes and timber, so that it was difficult for 
v«-«s.iU TO sail through the mass. Some captains, though 
ai. a l«)r.ir ilistance at sea, mistook this mass for land, and 
sen:, out their boars in order to ascertain the safety of their 
sitUMfions. The sea. on this and the neighboring coasts, 
rose .suddenly to the height of twelve feet, in the form of 
irnififtnsf; waves, and as they retired, swept away trees, 
timbor. and houses, with their inhabitants. All the ves- 
sels lyins; near the shore were torn from their anchorings, 
and Cfist^upon the land. Violent whirlwinds carried into 
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the air, men, horses, cattle, trees, and whatever else was 
in the vicinity of the mountain. Large trees were tom up 
by the roots, and carried into the sea. But the most 
calamitous part of the account still remains : for such were 
the tremendous effects of the burning lava; the overflow- 
ing of the sea; the fall of houses; and the violence of the 
whirlwind, that out of 12,000 inhabitants on this island, 
only 26 individuals escaped with their lives, all the rest 
being destroyed in one way or another. 

The whole island was completely covered with ashes, 
or other volcanic matter. In some places, the bottom of 
the sea was so elevated as to make shoals where there 
was deep water before; and in others, the Isuid simk down, 
and was overflown by the sea. 

The details of this awful cal&mity were collected, and 
published by Sir Stamford Raffles, then Governor of Java, 
who required all the residents in the various districts under 
his authority, to send him a statement of the circum- 
Btcmces which fell imder their several observations. 

EARTHQUAKES. 

Having thus given a short history of a suflicient nimi- 
ber of volcanic eruptions, to acquaint the geological stu- 
dent with the phenomena, and of the tremendous, as well 
as calamitous effects of these mighty agents, we will next 
refer to the subject of earthquakes, as resulting from the 
scmie cause. 

EARTHQUAKE OF CALABRIA. 

498. " Of the numerous earthquakes," says Mr. Lyell, 
"which have occurred in different parts of the globe, 
dining the last 100 years, that of Calabria, in 1783, is the 
only one of which the geologist can be said to have such 
a circumstantial account, as to enable him fully to appre- 
ciate the changes which this cause is capable of pro- 
ducing in the lapse of ages. The shocks began in 
February, 1783, and lasted nearly four years, to the end of 
1786." The importance of the earthquake in question, 
arises from the circumstance, that Calabria is the only spot 
hitherto visited, both during and after the convulsions, by 
men possessing suflicient leisure, zeal, and scientific infor- 
mation, to enable them to collect and describe with accu- 
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racy, the physical facts which throw light on geological 
questions. 

Authors who witnessed the phenomena of these con- 
vulsions, are quite numerous. Among them, it is said that 
Pignataro, a physician, who resided at thfe centre of the 
earthquakes, and who kept a register of the number and 
force of the shocks, is among the most correct. The 
Royal Academy of Naples, also sent a commission from 
their own body to Calabria, accompanied by artists, with 
instructions to describe, and illustrate by drawings, the 
effects of these terrible convulsions ; and Sir William 
Hamilton, who sur\'eyed this district before the shocks 
had ceased, has added manv facts, not recorded by others. 
Our limits will, however, allow only, a very brief summary 
of the facts from these several sources. 

The subterranean concussions were felt beyond the con- 
fines of Sicily ; but if the city of Oppido, in Calabria, be 
taken as the centre, a circle around it, whose radius is 
twenty-two miles, would include the space which suffered 
the greatest calamities. . Within this circle, all the towns 
and villages were almost entirely destroyed. 

The first shock, which took place on the 5th of Feb- 
ruary, 1783, threw down, in the space of two minutes, a 
greater part of the houses, within the whole space above 
described. The convulsive motion of the earth is said to 
have resembled the rolling of the sea, and that, in many 
instances, it produced swimming of the head, like sea- 
sickness. This rolling of the surface, like the billows of 
the sea, was like that which would have been produced 
by the agitation of a vast mass of liquid matter under the 
ground. 

In some walls which were shattered, the separate stones 
were parted from the mortar, so as to leave an exact mold 
where they had rested, as though the stone had been care- 
fully raised from its bed in a perpendicular direction j but 
in other instances, the mortar was ground to powder be- 
tween the stones, as though they had been made to revolve 
on each other. 

It was found that the swelling, or wave-like motions, 
and those which were called vorticose, or whirling, often 
produced the most singular and unaccountable eflects. 
Thus, in some streets, in the town of Monteleone, every 
house was thrown down, except one, and in some other 
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streets, all except two or three ; and these were left unin- 
jured, though differing in no respects from the othera. 

la many cities aU the moat solid edifices were prostrated, 
while those which were slightly built escaped ; but, in 
others, it was precisely the reverse, the massive buildings 
being the only ones that remained standing. 




490 Stngular effects of volcanic action. — But, perhaps, 
the most singular effect was that produced on a pair of 
obelisks, at the convent of St. Bruno, where the different 
atones composing these monuments, were moved on eaci. 
other, in a manner altogether unaccountable, unless, in- 
deed. It can be supposed that the earth, where each stood, 
underwent a rapid gyratory motion. The shock which 
shook the convent, is said to have been of that kind which 
writers describe by the term vorticose, or whirling. The 
annexed cut, Lign. 101, will convey an idea of these 
effects. 

The pedestal of each obelisk remained in its original 
situation and place ; but the separate stones were turned 
partly around on each other, as rcpreBente<l in the figures; 
some of them being moved eight or nine inches out of their 
places, but none were thrown down. 

500. Upward motion of the eorM.— It appears, from the 
Katements, that in many instances, where the ground was 
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fissured, the motion must have been from below, upwards; 
for these fissures opened and closed alternately, as though 
the ground, in that particular spot, had been violently 
lifted up with a force from below, by which a fissure was 
formed ; but, the force ceasing instantly, the ground again 
assumed its former position, and the fissure closed. Per- 
haps the escape of some gas or steam through the fissure, 
produced this effect. 

In many instances, these fissures were so wide, as in an 
instant to swallow up men, trees, and even houses ; and 
when the earth sunk down again, it closed upon them so 
entirely, as not to leave the least vestige of what had hap- 
pened, nor were any signs of them ever discovered aftes- 
wards. In the vicinity of Oppido, the centre of these 
convulsions, many houses were precipitated into the same 
great fissure, which immediatly closed over them ; and, in 
the same neighborhood, four farm-houses, several oil-stoies 
and dwelling-houses were so entirely ingulfed, that not a 
vestige of them was seen aflerwards. 

In some instances, these chasms did not close. In one 
district, a ravine, formed in this manner, a mile long, 100 
feet broad, and 30 feet deep, remained open ; and in an- 
other, a similar one remained, three-quartere of a mile long, 
150 feet wide, and 100 feet deep; in another instance, 
there remained such a chasm, 30 feet wide and 225 feet 
deep. 

501. Springs formed. — ^In various places, the ground 
simk down, and lakes were formed, which, beinff fed by 
springs, have remained ever since. The convulsions also 
removed immense masses of earth from the sides of steep 
hills into the valleys below ; so that, in many instances, 
oaks, olive orchards, vineyards, and cultivated fields, were 
seen growing at the bottoms of deep hollows, having been 
removed from the side hills of the vicinity. In one in- 
stance, a mass of earth, 200 feet thick and 400 feet in 
diameter, being set in motion by one of the first shocks, 
traveled four miles into the valley below. 

The violence of the upward motion of the groimd was 
singularly illustrated by the inversion of heavy bodies 
lying on the surface, and which can hardly be accounted 
for, except on the supposition that they were actually 
thrown to a considerable distance into the air. Thus, in 
some towns, a considerable proportion of the flat paving- 
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stones were found with iheir lower sides uppermost. Mr. 
Lyell accounts for Lhia effect, by supposing that the 
"atones were propelled upwards by the momentum which 
they had acquireil, and th&l the adhesion of one end of the 
maEB being greater than the other, a rotary motion had 
teen communicaled to them," But it ia difficult to con- 
ceive how a whirling motion, ao rapid as to produce such 
an effect, could have been communicated to a whole town, 
without producing some consequences still more extraor- 

50-2. Singular Jlxsarea. — In the plain of Ro8«mo, a dif- 
ferent eflfect was produced from any yet described. This 
plain consists of an alluvial soil, which, after the com- 
mencement of the earthquakes, was found covered with 
circular hollows, containing' water, and around the hol- 
lows were fiasuies, radiating from their sides in every di- 
rection, as represented by Ltgn. 102. 




Ifadi&ted fisBi 



These were, for the moat part, about ihe size of carriage- 
wheela, but somelimea larger or smaller. When filled 
with water to within a foot or two of the surface, they 
appeared like wella; but more commonly they were filled 
with dry sand, sometimes with a concave, and at others 
with a convex surface. On digging into the earth, theae 
cavities were found to bo funnel-shaped, the moist loose 
earth in ihe centre, indicating the tube through which the 
water had ascended. The annexed cut, Lign. 103, is 
intended to represent a section of these inverted cones, 
when the water had disappeared, leaving nothing in it but 
dry micaceous sand. This sand appeared lo have been 
brought up from beneath by the water, which was aome- 
ttmes found over the sand. 
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^_. _ It Dur limits will not allow the deacription of otfan 
fidects and appearances, which this dreadful calamJlyiKO- 
duced, some of which nre ei)URlly curious and inexpIicaUi. 
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^^^BUBt not, however, close this account without reference to , 
^^^^b incident connected with the destruction of human life, 
^^Hb well as to the number of reEponsible beings which 
^^^Bvere suddenly called to the world of spirits, bj this ap- 
^^^^Milling act of a mysterioue Providence. 

The Prince Bcilla had persuaded many of his people lo 1 
betake themaelvea to their fiahing-boais, as a place of 
safety, on the first indications of en earthquake, which in 
that volcanic country are so well understood, and which J 
creates so much alarm. The prince himself had b> 
esample, by going on board of one of these boais. On thij 
fifth of February, when the first violent shock happened 
many of these people were sleeping in their boats a 
shore, while Others were on the shore,at a place Hitle el 
vated above the sea. With this convulsion the ennh| 
rocked, and suddenly there was precipitated a great n 
of rock from Mount Jaci, on the plain where the peopl^ 
had taken refuge ; and immediately afler, the water fOW 
lo a great height above ilB ordinary level, and swept awnyi 
the sleeping multitude. The wave then instantly retreat-i 
"^ ' bul soon after returned again with increased violence^ 1 
iging back many of the people, and animals, which it j 
d carried away At the same time every boat i 
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vicinity was overwhelmed, or dashed against the beach, 
and thus destroyed. The prince, who was an aged man, 
with 1 ,400 of his people, were thus swept away, and per- 
ished in the sea. 

The number of human beings who were destroyed by 
this series of earthquakes, was estimated by Sir William 
Hamilton, at about 40,000 ; besides which, nearly 20,000 
more died by epidemics, which were occasioned hy insuf- 
ficient noiuishment, and the noxious vapors arising from 
the new lakes and pools of water, which this terrible catas- 
trophe occasioned, — ^thus making the whole number that 
perished 60,000. 

504. Earthquakes cease when the eruption commences. — 
In countries where volcanoes exist, and which are also- 
subject to earthquakes, experience has taught, that the 
earthquakes cease, or become harmless, so soon as an erup- 
tion from the mountain commences. On the supposition 
that the earth constantly contains within it an ocean of 
lava or melted matter ; that earthquakes are caused by 
some disturbance of this liquid ; and that volcanoes are its 
chimneys, or outlets when thus disturbed, this fact would 
admit of an easy explanation. In another place, we shall 
bring forward many circumstances, to show that this 
theory may be true ; and shall only remark here, that the 
Calabrian earthquakes may be brought as an item in sup- 
port of this doctrine ; for neither Etna nor any of the ItaUan 
volcanoes, suffered the least sign of eruption during these 
destructive convulsions. 

EARTHQUAKE OF LISBON. 

505. This great earthquake happened in the month of 
November, 1755, and, with respect to the wide extent to 
which it was felt, exceeded all others of which there is 
any account. 

The first intimation of its approach was a loud subter- 
ranean noise, somewhat like distant thunder, and imme- 
diately afterwards, the city of Lisbon was shook with 
such violence as to prostrate nearly all its houses. The 
wretched inhabitants, with so short a warning, were una- 
ble to take the least precaution for their safety, so that in 
about six, minutes 60,000 people perished. 

The sea at first retired, and laid bare the bed of the har- 
bor, after which it immediately rolled back, in an immense 



284 EAKTHQUAKE OF LISBON. 

wave, rising fifty feet, at least, above its ordinary level 
The IjiFLast iiioniitaiiis in Portugal were shaken to their 
fouiidaiious. iiinl Rcv^-nil had their summits rent in a man- 
ner which struck every beholder with astonishment. 

500. Sinkintr of the quay. — But the most extraordinary 
and calarnituus eiiect which was produced at Lisbon, was 
the sinking of the quay, together with the thousands of 
inhabitants with which it was covered. This work was 
built entirely of marble, and just finished at an immense 
expense : and on it. after the first shock, a vast concourse 
of people had collected as a place of safety, having left 
the city to escapn th»^ fall of the houses. But it proved the 
most fatal spot in the vicinity'; for at the next shock the 
earth opened and instantly swallowed up the whole quay, 
with the uiultitude which had there assembled ; and so 
completely were the whole retained by the closing of the 
earth, that not a single dead body ever rose again to the 
surface. A great number of small boats and other ves- 
sels, near the quay, filled with people, as a place of safety, 
were also precipitated into the yawning vortex ; and it is 
stated that not a single fragment of any of these boats 
was ever seen afterwards. It was beheved that the 
water where the quay stood was unfathomable, but its 
depth was afterwards found to be 600 feet. 

507. Extent to which it was felt. — The immense area 
over which this earthquake was felt, is very remarkable; 
for not only was every part of Spain and Portugal con- 
vulsed, but the shocks were perceived, with greater or less 
intensity, in England, Holland, Italy, Norway, Sweden, 
Germany, Switzerland, Corsica, the West Indies, at 
Morocco and Algiers in Africa, and in a part of South 
America. At Algiers the shock was so violent as to 
throw down many buildings ; and a village, not far from 
Morocco, was swallowed up, and 10,000 inhabitants per- 
ished. A great wave from the sea swept nearly the 
whole coast of Spain. At Cadiz its height is said to have 
been sixty feet, and its devastations in proportion. 

508. Shocks felt at sea. — The shock was also felt by 
ships far at sea, and, in several instances, the concussion 
was such as to make the people suppose their vessels had 
struck on a rock. In one instance, it is said that the peo- 
ple on board a vessel off the West Indies, were thrown up 
a foot and a half from the deck. This circumstance may 



BOimted for from the inelasticity of water; eo that a 

lijlont and audden movement of the bottom of the ocean, 
would be commuuicated to the surface and to the ship, 
through the medium of the fiuid, with nearly ibe same 
force BLS though the vessel had been on the ground itself 



509. Numerous 
of islands, of greater 
the sea. 

Writers of antiquity have mentioned several such 
instanceB, The elder Pliny says that the celebrated 
islands of Rhodes and Delos, according to tmdition, are 
sea-born, and that, after these, several smaller iBlanda rose 
up from [he bottom of the same Ben. . Strabo also aasertfl 
positively, that Hiero was produced in the midst of flames ; 
and both Plutarch aud Justin relate, that the formation of 
this island was attended with much fire, and a great boil- 
ing of the sea. 

But we are not entirely dependent on the ancients for 
facts of this kind, many mstaaces of the elevation of 
islands having been witnessed in later limes. 

Captain Tillard, of the Royal British Navy, was an eye- 
witness to the rising of an island from the ocean, in 1812. 

At some distance otF the coast of St. Michael's, one of 
the Azores, an immenHe body of smoke was observed to 
issue from the water, and from the midst of the smoke, 
there suddenly biirst forth a black column of cinders, aahea 
and stones, in the form of a spire. This was accompa- 
nied by vivid flashe* of lightning from the thickest part 
(rf the volcanic smoke, and the whole was surrounded by 
occasional wat^r-Bpoula. 

The water at this place wa8 thirty fathoms deep, and 
after the volcanic phenomena had lusted four days, the 
crater began to appear above the surface of the water, and 
■oon became twenty feet hi^h ui the midst of an island 
400 feet in diameter. At this time the cliffe of St. Mi- 
chael's were shattered by an earthquake, and the island 
continued to rise until it became at least 200 feet above 
' the level of the sea. 

This island was named Sabrina, after Captain Tillard's 
ship. It did not, however, long continue visible ; for being 
— led chiefly of ashes and cinders, and not by the eleva- 
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tion of tlie solid rocks, it was soon swept away by the 
wavfs of I lit- ocoan. 

510. AlvHtum islands. — In the year 1806, there arose 
frrmi tho sf.i a new island, among the Aleutian groups 
north of K.imschatka. This, according to Langsdorf, 
who aftf-rwiinis visited the spot, was four geographical 
milf'3 in circumference ; and the geologist, Von Bush, 
infers, from its not having subsided, that it does not, like 
Sabrina. consist of ejected volcanic matter, but of solid 
rock, thrown up from the bottom of the sea. 

In 1814. another island was added to the Aleutian 
group, from the bottom of the sea. This was much 
larjirer than the former, and its highest part was elevated 
to the astonishing height of 3,000 feet above the level of 
the sea. 

In 18*20, a new island was thrown up among the Ionian 
group, on the coast of Greece. 

In 1757. ei^rhteen small islands were elevated from the 
sea, in thr vicinity of the Azores. 

In 178:^, the same phenomenon happened on the coast 
of Iceland. 

Many other instances of sea-bom islands are recorded; 
but we ncod not extend this list, our chief object being to 
show that islands are elevated from the ocean by the force 
of volcanic action. 

511. Elevation of land hy volcanic power. — In November, 
1 8*22, there happened a series of subterranean convulsions 
on the coast of Chili, which continued three months, and 
which shook that part of South America to the extent of 
1,400 miles from north to south. On the morning after 
the first shock, the whole line of coast along Valparaiso, 
to the distance of 100 miles, was found to have been 
raised above its fonner level. Mrs. Graham, who was 
present, and who writes this account, states that on the 
morning of the 20th, the wreck of an old ship, which lay 
at a small distance from the shore, but which could not 
be approached, on account of the depth of the water, was 
now easily accessible. She also found the former lied of 
the sea, alon«r the shore, laid bare, with muscles, oysters, 
and other slnjil-fish. adhering to the rocks oh which they 
grew, and alnnidanct^ of fish, dead and on dry land. At 
Valparaiso, the elevation of the land was found to be three 
feet ; but at other places the rise was from four to five feet. 
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TElfPLE OF JUPITER SERAPIS. 

512. In a few instances, it is known that portions of 
land have several times changed their level, with respect 
to that of the sea ; and of which the following is an 
interesting and curious example. 

The temple of Serapis, a celebrated monument of anti- 
quity, is situated on the little bay, called Baiae, withii) the 
bay of Naples. 

A geological examination of the coast of Puzzuoli, 
along this bay, shows that this land has been elevated 
about twenty feet, at a period not very remote; so that, 
without the evidence presented by the temple, there is 
sufficient proof that the land in the vicinity has changed 
its level. 

If the coast along the shore, between Naples and Puz- 
zuoli, be examined, it will be seen that the tract of fertile 
land which intervenes between the present shore and the 
high rocky cliffs, was evidently once under the water, and 
that the ancient shore was near these cliffs. 

The inland cliff near Puzzuoli, is in many places about 
eighty feet high, and quite perpendicular. At its base, 
the new deposit attains the height of twenty feet above 
the sea. This consists of sedimentary matter, mixed 
with marine shells, showing that it was formed under ihe 
water. 



LIGN. 104. 




fc^uzzuo.i aiid ruins of Serapis. 



The annexed Lign. from Mr. Lyell, will explain the 
situation of this coast in 1828. a, on the right, shows 
the situation of antiquities, on a hill south of Puzzuoli ; ^, 
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ancient cliff, now inland ; c, terrace, composed of marine 
deposits of nrcont date; a. on the left, represents the 
remains of Cicero's \ilia, at the north of Puzzuoli ; 5, 
ancient cliflj now inland ; c, terrace, composed of recent 
marine deposits ; d, temple of Serapis. 

The soil of these level deposits is considered so valua- 
ble, that a wall has been built for its protection against 
the washing of the sea ; but, in some places, the wall has 
been thrown down, so that the strata are exposed. 
These condist of alternate layers of mud and pumice, 
inclosing abundance of marine shells. One stratum con- 
tains large quantities of the remains of ancient art, as 
tiles, and pieces of Mosaic pavement. 

(Ancient Mosaic pavement consists of small pieces of 
stone, generally marble, of different colors, arranged in 
figures, sometimes representing groups of men and ani- 
mals, in commemoration of some historical event. These 
are cemented so as to form a continuous sohd mass. The 
floors of ancient churches and temples were often thus 
made. ) 

The remains of the works of art are found below, as 
well as above, the marine shells. Among the shells are 
the Cardium, Donax, Buccinum, and Ostrea. 

513. No tides in the Mediterranean. — Now, there are no 
tides in the Mediterranean, by which these shells could 
have been cast upon the shore ; and the remains of ancient 
buildings, at other places, show that there has been no 
changfj in the level of this sea, for the last two thousand 
years ; lionce, we must conclude, that the land along this 
coast has been elevated about twenty feet above its 
former level. 

Hut. in addition to the above evidence, the remains of 
the tomple of Serapis show that the edifice has under- 
gone several changes of level, when compared with the 
sea. 

With respect to this temple, Mr. Lyell, who has lately 
visited the s])ot, says : " It appears, from the most authen- 
tic accounts, that the three pillars, now standing erect, 
continued, down to the middle of the last century, half 
buried in the new marine strata above described. The 
upper parts of the columns, being concealed by bushes, 
had not been discovered, until 1750, when they were seen 
to form part of a splendid edifice. On examination, the 



pavement was found still etitii-e, ant) upon it lay a number 
I of magnificent columns, a part of which wpre of African 
L breccia, and a part of granite. {Breccia is a rock oom- 
' posed of broken, angular pieces of stona, geoerallj of 
I various colors, cemented by the hand of nature. The 
' pillars of the capitol, at Washington, are of this kind of 
marble,) The original plan of the builfhng could be 
} traced diatinctly : it warof a quadrangular form, seventy 
feet in diameter, and the roof had been supported by forty- 
six noble columns, twenty-four of which were of granite, 
(and the rest of breociated marble. The large court bad 
been surrounded by apartments, supposed to have been 
. used as bathing-room a ; for a thermal spring, still em- 
ployed for medicinal purposet;, continues to flow from just 
behind the ruins, and the water of this spring, it is said, 

I conveyed to the chambers by marble conductors." 
I _ 

514. Temple of Serapis, a bathing-houxr.— Since the 
' discovery of these remains, many antiquaries have entered 
into elaborate discussions, on the question to what deity 
this edifice was consecrated ; but from its situation and 
construction, there is more reason to suppose that it was a 
bathing-house, ihiin a heathen temple. 

But our object will be to show what geological chs^fes 
these antiquities indicate. 

The annexed cut Lign. 105, represents Serapia, as it 
• 25 
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now npjv':irs, roducprf from the drawin? of Mr. Ljeil 

Tln'sr ])illars iiro fort^'-two fer-t in height, and theirVjr- 

fiii't's UP' Hinnoth find entire, to the heiirhi of &bov»i tweire 

fri'l jibovr till" iXMli'.-itJil. the r<':isoii of wliich vriA appear 

diifrilv. Above thiH is a zone, twelve feel in leaffih, 

wiirir thr iiisirblo iiasheen pierced by a marine perforating 

Khrll iish, callod by (Jiivior, Lithodomus. It is a species 

of ibi! Mvtilii.s of liinnaeus and tfte Modiola of Lamarck. 

5 1 5. llahits of the Lithodomi. — These animals enter the 

HtoiH^ hy !i small orifice, which they make themselves 

wbiMi (|nit«» youn«irj J^"<1 as they increase in size, thej 

enUiry;<' thrir habitations in proportion. They are nour- 

ishod by tbi' soa-watcr, which is admitted through the 

Hniiill aiMTture. Those animals have not the power, or 

)X'rba})s inclination, to leave their cells; hence, their 

lionsi's. durinpj lifo, bociome their tombs at death. 

Tlic linif'stonos, on the shores of the Mediterranean, 
nrr IriMiuiMitly full of the excavations of these animals. 
Tlir ^I'nus IMiolas, also contains some species which 
pMiiMratr rocks. l3oth are figured under the articles 
**Mnliivjilvcs" and '* Bivalves." {See pages 110 — 111.) 
Tlit'si' animals cannot pierce silicious rocks, such as 
praniltv 

As ib«»sc animals cannot live, except when immersed in 
Kalt water, wo must infer that these pillars were for along 
tini(^ snbmor«ro(l, and that, during part of that period, their 
lowor jh)rii()ns were coverotl up by the rubbish already 
menii«)ne«l, wbile their upper ends reached above the 
wjtier. This accounts for the reason why their middle 
|X)rtions only are })erforate(l by these animals. On the 
pavement oi* the temple lie several columns, broken in 
pie«'es. These are perforated on their fractured ends, as 
well as on other parts, showing that they had lain under 
water tor a lon«r time after they were broken. 

The platform of the temple is at present just under the 
' watt^r, ant! the upper })art of the perforations on the stand- 
in«r columns is at least twentv-three feet above the water, 
from which it is clear that these columns must have con- 
tinued for a lout:: time immers<Ml in the water, while in an 
enu't jx->sition : al'ier which, th(\v must have been raised, by 
thoil^ing of the grouiui. to their present elevation. 

nTn. r.lrriifmn aiul iUprvasion of Stropis. — Thus it 
ftpix^ai-fl that the temple of Sera pis was first depresse<I by 
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the sinking down of the ground where it stands, so that 
the water of the sea surrounded these pillars about twenty 
feet above its present level; after which, it was again 
raised to its present situation, by the elevation of the 
cosust. It is hardly necessary to say, that the cause of 
these changes, was undoubtedly the same which has 
produced the elevation of islands, and the sinking down 
of the ground ia other places. 

SEAT AND THEORY OF VOLCANOES. 

517. It was formerly believed that the seat of volca- 
noes was superficial, and that the heat which fused the 
rocks, and sent them forth in the form of lava from the 
mouths of volcanoes, was owing to the combustion of min- 
eral coal. It is a sufficient refutation of this hypothesis, 
that were the whole interior of the earth composed of coal, 
it must have long since been exhausted in the vicinity of 
ancient burning mountains. Also, that no geologist ever 
supposed coal to exist below granite moimtains, which are 
often pierced by volcanic apertures. 

518. Supposed ignition of pyrites. — The cause of volca- 
noes has also been attributed to the spontaneous ignition 
of pyrites, or metallic sulphurets. 

With respect to this theory, in the first place, there is 
no evidence that the interior of the earth is composed of 
the sulphurets of the metals ; nor is this in the least de- 
gree probable; and, second, were this ascertained to be the 
caSe, and could the theorist contrive to perpetuate its igni- 
tion, or to make it occasional, as circimistances required, 
slill, it would fail to account for the phenomena of earth- 
quakes and volcanoes. But, lastly, the products of volca- 
noes are not such as would result from the ignition of the 
sulphurets of the metal. This is sufficient. 

519. Attributed to the metallic oxyds. — Since the great 
discovery of Sir H. Davy, that the earths and alkalies are 
the oxyds of metallic substances, it has been proposed to 
account for volcanoes and earthquakes, by the admission 
of water to these metallic elements. 

This theory may be thus stated : If pure potash or soda 
be deprived of its oxygen, there remains a brilliant silver- 
white metal, so light as to swim on the surface of water. 

These metals have an affinity of oxygen so strong, that 
when thrown on water, the fluid is decomi^sftd^\.Yvfc«i;:3- 
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gen being absorbed by the metal so rnpidl; as to 
a. degree of heat, whicb aela the hydrogen on fite. ThiM, 
by throwing theee metaU od water, combustion is excite^ 
and the osyds of potassium, and sodium, or in other wciFd% 
pure poiBBh or soda, is formed. 

Now, if we suppose that, at the creation, the elemeniso( 
things were formed in a distinct and separate etate, and 
that the condition of the earth's surface at the present 
time is owing to the exercise of chemical affinities, then 
we might consider the interior of the earth, at the present 
lime, to be composed of elemenia in their simple and mt 
combined state. This being admitted, the earth, at a ce^ 
tain depth, conaisla of the bases of these earths and alkar 
lisa, in their uncombined and metallic forma; for, bemjf 
excluded from any substance containing oxygen, there has 
been no opportunity, since the creation, for these sub- 
stances to combine, and form compounds. It is well knowa 
tochemiais, that the metallic bases of the alkalies maybe 
kepi in their elementary state for any length of time, hy 
excluding them from the air, or by immersing them in naph- 
tha, a substance containing no oxygen. Hence, as com- 
bustion is excited, when these metallic bases come in con- 
tact with water, (if the above suppositions be true,) ihera 
exists an analogy, by which it has been thought the phe- 
nomena of earthquakes might be accotmted for, by the 
admission of water to these substances, 

520. Objections to this hypothesis. — There are, howeren 
insuperable ditlicullies in this hypothesis. Carbonate of 
lime is one of Che most abundant materials of which the, 
crust of our earth is composed. This, in the opinions cf 
many geologists, had its origin in organized remoiusj 
being the product of sea-shells, consolidated in a mannoj 
which it is unnecessary here to explain. It is quite ce^~ 
tain thai a great portion of limestone is really the pro- 
duct of moluscDus animals, of which the coral reefs, ao^ 
the moimtains of shells, are a sufficient proof If, there< 
fore, lime is the product of organized beings, it was noP 
created in an elementary form, and therefore cannot pro?^ 
duce the fire of volcanoes by the union of its element^ 
though calcium, its base, may esciie flame by contact 
with water. 

Silex, or flint, another eubstance which enters largely 
into (he compoBilion of the earth, and of which the piimi- 



SEAT AND THEORY OF VOLCANOES. 293 

tive rocks are chiefly composed, does not possess an in- 
flammable base, and therefore cannot be supposed to par- 
ticipate in causing any igneous phenomena. 

The specific gravity of the earth, also, being at least 
five times that of water, shows that it is not composed, 
principally, of substances lighter than that fluid. 

Besides, the phenomena of earthquakes and volcanoes, 
even admitting the interior of the earth to be composed of 
metallic elements, are not such as could be accounted for 
by the admission of water to these substances ; nor are the 
products of volcanic action, in the form of lava, pumice, 
and ashes, such as would result from the oxygenation of 
metallic elements. This theory, therefore, has not even 
plausibility in its favor. 

521. Central Jire the most probable cause. — In the pres- 
ent state of geological knowledge, it is not to be expected 
that any theory which can be proposed, will account for 
every circumstance connected with earthquakes and vol- 
canoes. But that which explains the greatest nimiber of 
these phenomena, is founded on the hypothesis of a "cen- 
tral fire," that is, a mass or masses of lava, or melted mat- 
ter, deeply seated towards the centre of the earth. The 
two hundred volcanoes, existing in different psurts of the 
globe, are the chimneys, or occasional outlets, of this ocean 
of liquid fire. 

When this mass is disturbed, as by the admission of 
water, an earthquake is the consequence, and this becomes 
more or less disastrous, according to the degree of internal 
commotion. When the pressure of the steam, into which 
the water is converted, becomes excessive, then the lava is 
forced up one of the chimneys, and poured forth on the 
surface of the earth, and thus a volcano is produced, and 
at the same time tlie internal pressure is relieved. 

522. This the prevailing hypothesis. — The hjrpothesis of 
a central fire, under various modifications, appears to be 
the prevailing doctrine of the geologists of the present day. 
''If," says Mr. Lyell, "we suppose a great number of large 
subterranean cavities, at the depth of several miles below 
the surface of the earth, wherein melted lava accmnulates, 
and that water, penetrating into these, is converted into 
steam ; this steam, together with the gases generated by 
the decomposition of melted rocks, may press upon the 
lava, and force it up the duct of a volcano, in the same 

25* 
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manner as it drives water up the pipe of a geyser. (The 
geyser is described under 'Silicious Springs/) But the 
weight of the lava being immense, the hydrostatic pres- 
sure, exerted on the sides and roofs of such large cavities 
and fissures, may well be supposed to occasion, not slight 
tremors, such as agitate the ground before an eruption of 
the geyser, but violent earthquakes. Sometimes the lat- 
eral pressure of the lower extremity of the high colxmm of 
lava, may cause the more yielding strata to give way, and 
to fold themselves into numerous convolutions, so as to 
occupy less space, and thereby give reUef, for a time, to 
the fused and dilated matter. Sometimes, on the contrary, 
a weight equal to that of the vertical column of lava, 
pressing on every part of the roof, may heave up the super- 
incumbent mass, and force lava into every fissure, which, 
on consolidating, may support the arch, and cause the 
land above to be permanently elevated On the other hand, 
subsidences may follow the condensation of vapor, when 
cold water descends through fissures, or when heat is lost 
by the cooling of the lava." 

HYPOTHESIS OF CENTRAL FIRE. 

523. If this globe, towards its centre, is composed of an 
igneous fluid, then we might expect that the nearer we 
approach it, or the deeper we descend below the surface, 
the higher we should find the temperature, and many ex- 
periments tend to prove that this is actujEilly the case. 

524. Baron Fourier. — Baron Fourier, who has investi- 
gated this subject with much attention, concludes, "that 
the rays of the sun penetrate the globe, and occasion an- 
nual and diurnal variations in its temperature, but that 
these periodical changes cease to be perceptible at a cer- 
tain depth under the surface. Below that depth, the tem- 
perature caused by the sun has long ceased to have any 
influence. If, therefore, it is found that the temperature of 
the deep recesses of the earth become perceptibly greater, 
in proportion as we recede from its surface, it is impossible 
to ascribe this increase to the influence of the sun, and 
consequently it can proceed only from the primitive heat 
of the earth, and with which it was originally endued. 
It has long since been conjectured that the heat of the 
earth increased in some proportion to the distance of 
descent from its surface ; but it is only within a short 
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period, that experiments have been instituted, for the pur- 
pose of ascertaining whether this conjecture was well 
founded, and, if so, to determine the ratio of increase. 
With this view many mines have been accurately exam- 
ined, and the fact of a gradual increase of temperature 
downwards, has been found general. 

In the mines of Cornwall, England, Capt. Lean made 
the foUowing experiments and observations, in the month 
of December: 

At the surface, the temperature of the air was 50° Fah- 
renheit. At 120 feet below the surface, the air was 57°. 
At 600 feet below, temperature of the air 66°, of water 
640. At 962 feet below, air 70^, of water 74o. At 1,200 
feet below the surface, air 78^^, of water 78^. 
- These, with other experiments, in different mines, 
seemed to show that the increase of temperature, down- 
wards, was nearly in the ratio of one degree for every 
sixty-five feet. 

525. CoRDiEB.*s Experiments. — From M. Cordier, who 
has written a treatise on this subject, we learn that the 
number of mines in which experiments have been made, 
is about forty. These mines are situated in France, Eng- 
land, Switzerland, Peru, Saxony, and Mexico. The whole 
number of experiments made, are about 300, some being 
on the air of the mines, some on the water, and others 
upon the rocks or earth. 

From all these "observations, made apparently with such 
caution as to prevent the possibility of any considerable 
error, M . Cordier derives the following conclusions : 

1. "If we reject a certain number of observations as 
imcertain, all the rest indicate, in a manner more or less 
certain, that there exists a remarkable increase of tem- 
perature, as we descend from the surface- of the earth 
towards the interior. It is reasonable, then, to admit this 
increase. 

2. "The results collected at the observatory at Paris, 
are the only ones that can be depended upon with cer- 
tainty, for obtaining a numerical expression of the law 
of this increase. This expression gives fifty-one feet as 
the depth, which corresponds to an increase of one de- 
gree, in the subten'anean temperature. And, we would 
remark, in passing, that, according to this result, the 
temperature of boihng water, under the city of Paris, 
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would be at the depth of 8,212 feet, or about a mile and 
a half 

3. ''Among all the other results, a small number onij 
afford numerical expressions of the law sought for, Buffi- 
cientl y approximate, to be taken into account. These ex- 
pressions vary from 104 to 24 feet for one degree of 
increase; their average, in geneml, indicates an increase 
more rapid than has generally been admitted. Their aver- 
age has so much the nK)re weight, as* embracing the 
results of many series of long-continued observations. 

4. " Lastly, in grouping together, by coimtries, all the 
results, admissible on any principle, I am led to present a 
new and important idea, to wit : that the difference between 
the results collected at different places, are referable not 
solely to the imperfection of the experiments, but also to a 
certain irregularity in the distribution of subterranean heat 
in different coimtries." 

526. Cordier's Inferences. — M. Cordier describes, at 
length, the manner of making experiments on this subject, 
in order to prevent local errors ; and from all that himself 
and others have done and written, he draws the follow- 
ing inferences: 

1. "Our experiments fully prove the existence of an 
internal heat, which is natural to the terrestrial globe; 
which depends not on the influence of the sun, and which 
increases rapidly with the depth. 

2. " The increase of subterranean heat, in proportion to 
the depth, does not follow the same law throughout the 
globe. It may be twice, or even thrice, as great in one 
coimtry as in another. 

3. " These differences are not in a constant ratio to the 
latitude or longitude. 

4. "Finally, the increase is certainly much more rapid 
than has heretofore been supposed ; it may be as great as 
twenty-seven, or even twenty-four feet for a degree, in some 
countries. Provisionally, however, the mean must not be 
put lower down than forty-six feet." 

527. No dovbt of internal igneous matter. — We must, 
therefore, consider it as proved, beyond all doubt, that below 
the crust of the earth, there exists either a mass of 
burning lava, or some other cause, hy which there is 
perpetually maintained a considerable degree of heat; 



■nd there ia raaaon to believe that a very high tempera- 
lure exiata towards its centre. 

Thai ihe internal temperature is caused bj a melted 
mass, such as we have supposed to exist, is not, it ia 
believed, incompatible with any known phenomenon ; but, 
on the eontrarj, certainly accords with many of the effects 
already 9x>eci(ied. 

Bui there are other effects which are unaccountable, 
except on such a hypotbeaia ; and one of iheae is the con- 
nection, which has often been observed to exist, between 
one volcano and another, and also between earthquakes 
and volcanoea. If there exists in the earth an extensive 
igneous fluid, communicating with the open air only by 
means of volcanic apertures, we should expect, that when 
this fluid by any means waa set in motion, the surface of 
the ground would partake of such motion, and that in case 
this fluid should be preaaed for want of room, it would be 
forced out at these apertures. 

Now, the wave-like motion of earthquakes is a phenom- 
enon almoal universally observed; and even where the 
fihock is slight, it producea nouaea, like sea-aickness, Thia 
motion is inexplicable, if the earth is compoaed of solid 
imyielding strata; but if we suppoaejts crust rests upon 
a fluid, liable to agitation, the solution becomes natural 
and eaay. Thia motion may be strikingly illustrated by 
covering a diah of quicksilver with sand or soil, and then 
giving- the vessel a alight agitation. 



528. The connection between volcanoes and earthquakes 
has been so generally observed, that no one at the present 
day denies that their causes must be the same. Earth- 
quakes precede volcanoes, and when a wave of the lava 
reaches an aperture, there happens an eruption, and the 
earthquakes are diminished in force, or ceaae entirely, 
because the internal pressure is thus relieved. 

529, Proof of ikis connecCion.—ln proof of this connec- 
tion, the elevation of all new islands, and the formation of 
all new volcanoes, and most commonly the eruptions of 
old ones, are preceded by, or accompanied with earth- 
quakes, especially where the latter have some time lain 
dormant. The elevation of Sabrina, of the Aleutian 

1 Nuovo, and the formation of JoniUo, 
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together with what is generally known of Vesuvius and 
Etna, are examples. 

It is true, that in some instances, earthquakes happen, 
both at great distances from volcanoes, and in their vicini- 
ties, without any eruption. But, when this is the cage, 
the most calamitous consequences are produced, because 
the confined matter which causes the earthquakes cannot 
escape. This was the case, as already noticed, with re- 
spect to the earthquakes of Calabria, which destroyed 
60,000 people, there being no eruption either of Etna or 
Vesuvius. It is probable that this was prevented by the 
masses of cooled hiva, by which their apertiues were 
clogged. The great earthquake of Lisbon was also un- 
attended by volcanic eruptions. 

530. Monte Nuovo. — When the shocks commenced, 
which ended in the elevation of Monte Nuovo, {Lign, 86,) 
it was expected, of course, that an eruption of Vesuvius 
would ensue ; but instead of this, after the earthquake had 
continued with great force for twenty-four hours, the earth 
opened with a tremendous noise, and, throwing out blocks 
of lava, pumice, and ashes, formed that mountain in 1538. 
Vesuvius, with a single slight exception, had remained 
donnant from 1306, and showed no signs of commotion 
during the elevation of Monte Nuovo. Now, had there 
been less resistance at the cmter of Vesuvius, than there 
was on tho plain, there would have been an eruption, and 
no new mountain would have been formed. But Vesuvius 
continued torpid until 1631, during which period Etna was 
peculiarly active, suffering frequent and terrible eruptions. 
This circumstance affords a strong argument in favor of a 
subterranean communication between these two moun- 
tains, Etna occasionally serving as an outlet for the elastic 
fluids and lava, a part of which would otherwise be 
emitted at Vesuvius, and, perhaps, the latter, in its turn, 
answering the same purpose during the torpid state of the 
former. 

531. Earthquake of Lisbon. — Again, the earthquake of 
Lis :)on, as already stated, was felt in all parts of Europe, 
am: also in Africa and South America, as well as by ships 
sailing in the intermediate seas. Now, it cannot be rea- 
Bonably supposed, that a subteiTanean convulsion could be 
communicated by the mere vibration of the earth, to the 
distance of so many thousand miles, and especially from 
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one aiJe of the Ailancic to the other, under the ocean. If 
there exiBted no other evidence than this, of an interior 
fluctuating metliuiii below the cniat of the ean.h, it would 
be more philosophical, aa well as reusonnble, to infer that 
Buch a one did exiflt, than to believe that the earth was 
capable of transmitting a vibratory motion, however strong, 
to the distance of one-fourth of its circuniference, 

532. Quantity of lava emitted by volrimoes. — Finally, 
another proof of the existence of an immense mass of 
igneous matter under the surface of the earth, is the quan- 
tity of lava emitted by some volcanoes. Many instances 
might be adduced, but we will here onlv refer to that of 
Skaptar Jokul, in 1783, on account of' which has been 
given. There the quantity of lava covered a surface 
equal to ninety miles long, and twenty broad, making an 
area equal lo 1,800 square miles. The depth or thickness 
-was generiilly about 100 feet ; but, in some places, to a 
considerable extent, 600 feet deep. Perhaps, therefore, it 
■would not be an over-estimate to call the average depth 
150 feel. This quantity, if consolidated, would, by calcu- 
lation, have formed a massive globe of about six miles in 
diameter. 

In addition to the above, Breislak has computed the 
quantity of matter emitted by several other eruptions, as 
follows; That of Vesuvius, in 1774, was estimated at 
18,000,000 of cubic feet. That of the island of Bourbon, 
in 1796, 54,000,000 of cubic feel. In another eruption, in 
1787, the same volcano emitted, by estimation, 72,000,000 
of cubic feet of lava aod ashes. 

Now, if the matter of this eruption came from the im- 
mediate vicinity of the mountain, it is plain that the strata 
under it, for six miles in extent, must have been thrown 
upon the surface, and a cavity produced of a proportionate 
size ; but this is highly improbable, if not absolutely im- 
possible, from the very nature of the case ; because, if we 
suppose a cavity, or definite apace, whence the lava pro- 
ceeded, we must also suppose it constantly full of igneous 
matter, at least in the neighborhood of the aperture, 
otherwise il would not have flowed from the crater. For, 
we cannot believe that, in a cavity of such dimensions, 
steam, or any other elastic body, could have operated in 
such a manner as to throw out all, or the greater pan of 
ilB wmUniB. ' 
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From all we have adduced on this subject, we cannot 
but conclude, that the phenomena of earthquakes and \6k- 
oaxxKis, indicate the existence of an ocean of melted lava, 
constantly existing at an unkno-^vn depth under the surface 
of the earth, and that these phenomena maj, in most of 
their varieties, be accounted for by such a hypothesis, and 
by no other which has yet been proposed. It is, therefore, 
reasonable to infer that such a mass of igneous matter 
does actually exist. 



CHAPTER XXXV. 

ELKVATION OF CONTINENTS PKOM THE 8EA. 

5i^3. Sea-shelh far from the ocean. — The occunence of 
sca-sholls, and the remains of marine animals, at adis- 
lanco from any existing ocean, is a fact of common ob- 
sen'ation. Some of these remains are deeply buried in 
solid stn\ta, while others are found in alluvia near the sur- 
face. We have noticed, in the preliminary part of this 
work, thai such remains exciteil the attention of the ear- 
liest obsoners. 

A gnwt proiX)nion of Italy is covered by an alluvial 
soil, containing sea-shells, and occasionally the remains 
of qiiadniix\is, boili of hving and extinct species, such as 
the elephant. hipjx>[K>tamus, rhinoceros, mastodon, &c. 
In this country, in the slate of New- York, of Ohio, and 
indtxni throughout the great valley of the Mississippi, 
fi>ssil shells are found ; and, as in Italy, there occurs also 
the romains of ancient quadrui^s. 

534. American lakes ouce inland seas. — The theory, long 
since suggestt\l, that the great lakes of North America 
are the dt*ejx»r Ix^is of an inland sea. which once covered 
a great extent of land, a pari of which is now dry, has 
undoubtotlly many circumstances in its favor, and indeed 
may be considen?d as a well founded geological fact. In 
this instance, if. as some geologists suppose, this ancient 
sea has be^n drained bv the bursting of some barrier, it is 
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a ciicumstance which will account for the appearance of 
shells not situated higher than the bed of the former sbk. 
But it is believed thai in many pLacea, marine organic 
remains aire found, much more elevated than any reasona- 
ble hypothesis could have placed the bed of the former 
sea. The situations of these cannot, therefore, be ac- 
counted for ftn the supposition that they were left by the 
retiring waters. 

535. Bones of whales and dolphins in Italy. — In Italy, 
besides the more common marine remains of shells and 
email hsh, there are found the bones of whales and dol- 
phins ; and sometimes entire akelelons of these fish occur 
at the elevation of 1,200 feet above the sea. 

The bones of whales, thus found, are in a high state of 
preBBrvation, and are often incrusted with oysier-shellH ; a 
good proof thai they have not been transported, and that 
the sea for a long time remained over them, after ihej had 
been denuded of iheir flesh. 

536l Cuvier's remarks. — But it will be seen, by the fol- 
lowing extract from Cuvier, that such appearances are 
much more common than has been supposed: 

"The lowest and most level lands," eaya he, "when 
penetrated to a great depth, exhibit nothing but horizon- 
tal strata, consisting of various substances, almost all of 
them containing innumerable productions of the sea. 
Similar strata, aunilar productions, compose the hills, even 
to a great height. Sometimes the shells are aonumerous, 
that they form, of themselves, the entire mass of the 
stratum. They are almost every where so completely pre- 
served, that even the smallest of them retain their most 
dehcate parts, their slenderest processes, and their finest 
points They are found in elevations, above the level of 
every part of the ocean, and in places to which the 
sea could not now be conveyed by any existing causes. 
They are not only enveloped in loose sands, but are in- 
crusted by the hardest stones, which they penetrate in all 
directions. Every part of the world, both the hemispheres, 
all continents, all islands of any considerable extent, ex- 
hibit the same phenomena. They have, therefore, hved in 
the sea, and have been deposited by the sea; the sea there- 
fore,must have existed in the places whereil has left them." 

To whu eUrUioa havE Vh^ bonea uf fiihea been found I 
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537 Maecuilorh's remarks — When we find, in nottf 
parte o( the world, straiified rocks, forming the sunuoiCE a 
iho higheat mountains, elevmted manv thousands of f«[ 
above the level of ihe sea, and when we suppose that the 
(^ectB we are contemplating were once covnvd bjwniH, 
we are strongly impressed with ibe changes whkh tlie 
Tolalive levels of ihe water and land must have amler^one. 
And when we find the remains of shel)-6sb imbeddM b 
thMCi simTu, we cannot hesitate to admit that these rocki 
have once been covered by the ocean. When, lastly. w» 
observe thnl those beds, which must once have been hori- 
zonlnl, nre now vertical ; that they aiw inclined, broken, 
bent, and dislocated in innumerable wa^-s, we are forcibly 
led to conclude, that their present distance fTOmtheseahus 
been accompanied by violent alterations in the form of the 
surface, and that it has been pn>luced by the action of 
ertortnouB powere. — MaceuUock, vol. i. p. 86. 

Allowing thai these strata have once been under the 
sen, anil which, from the circumstances, Is proved beyond 
all doubt or controversy, the question to be esamioed ia, 
whether Ihe ocean has retired to a lower level, or whether 
the land, by some enormoua force, hae not been elevated 
above the water 

538- Not refrrabk lo thr. Deluge— The phenomena of 
shells in strata were once attributed to the Mosaic deluge; 
but we need not, at the preaenl day, employ Rigumentfl lo 
show the impossibility of such an origin. 150 days was 
loo short a perioil lo have produced such effects. 

Il hue been ascertained ihat some of the Peruvian mouu- 
f tains contain aea-ahells, at an elevation of 14,000 feet 
above the level of the seo, and that the oaliue of ihe 
strata in which they are contained, is such as lo show 
lhat these mountains must for a long period ha\-e been 
submerged. Hence, il is plain thnl no hypothesis, con- . 
nected with the deluge, can explain this fact. 

Now, if Ihe sea has retired in a gradual manner Irom" 
such a height, within a period of five or six thousand 
years, its level ought now, ai ibis rate of depression, lo be 
at least four thousand feet lower than il was two thou- 
sand j-ears ago ; but facts, with respect to the Baltic and 
Ihe Mediterranean, tend to prove, that since the Christian' 

Arc ilicie iihcnoimm releriilile to the Deluga! 





era, the ocean has not changed its level, in any appreciable 
degree. 

539. There ia, therefore, not the least probability, or even 
possibility, that marine organic remains aituaftd above the 
sea, or imbedded in strata al a distance from it, can be ac- 



540. Eoidenee of the eleualion of the land. — If now we 

esamine the facts and arguments, tending lo show that 
the land has been thrown up from ihe botconi of The sea, 
we shall find ihEit the evidence amounts to little less than 
absolute demonatration that this has been the case. 

In the first place, strata composed of fragments ot rocka 
of any considerable size will take the horieontal direction- 
it is true tllat deposits of fine matter, as clay and sand 
from water, wilt at first take the impression or form of the 
bottom, when this is uneven ; but if the strata be of any * 
considerable thickness, the layers wilt assume a horizon- 
tal level. But we shall find, on examination, that very 
few stratified locks, in any part of the world, have pre- 
served their coincidence with the horizon. On the con- 
trary, they are inclined at various angles, and are some- 
times even quite vertical ; clearly evincing that they have 
been disturbed, and dislocated by some violence, since their 
formation. 

" If," says Dr. MaccuUoch, " the highly inclined posi- 
tion of strata were not itself a proof of their elevation, evi- 
dences of motion are found in a great number uf phenom- 
ena. Intheircurvaturea we find proofs of disturbance; we 
find even more decided evidences to the same purpose, in 
their fractures. But when we see that these fractures are 
accompanied by a separation of parts which were once 
continuous, that one portion of a slratiun occupies a higher 
or lower place than another, and that this separation is 
often attended by a difference in the angle of inchnation 
of the separated parts, we have every proof thai can be 
desired, of au alteration in the horizontal position of strati- 
fied rocks since the period when they were consoli dated." 
— Geology^ vol. i. p. 8S. 

In the kind of materials of which many ioclineii strata 
are composed.we have additional evidenceof their elevation. 

WhU 11 llie BTideRU of lbs clsvitioii or Ihe land 1 
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if eeduoent from v»ia 
leven bottom ; but we I 
Deed not atop lo prove, that fragioeaia of rock of anjr mo- 
siilerablo sixitwill not rest on the sides of Uecp dtcGntia, 
but will roll or elide down by their own gravity. Sow, 
"il is notorious," eaya Dr. Macculloch, "that ibe ocm- 
plomemt«s which form auch conepicuous strata ia naay 
countries, oitd which prevail chiefly at the bouadaij which 
sepanitea the strata called secoudary, from the primacy, are 
ofleii found in positiona, not only highly inclined, but sb- 
Bolutely verticnl. As the inateriaU of these are often of 
BUch bulka as lo weigh even many huodred pounds it is 

' lent that tho original position of the strata which cou- 

^ 1 them must have been horizontal." 

.541. Evidtmee iy marine tuorms. — It it is well known, 
O, that cerluin marine worms, which live in sand and 
labit Blnughl tubidar sheila, invariably penetrate the 
aand in a vertical direction, wheiher the aurface be hori- 
sonlnl or not If the strata remain undisturbed, thete 
shalU mmnin in the position seen nt Fig. 1. 
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And it needs little redection to see that a concave, oi 
diah-(6nned shell, when it sinks in water, must reach the 
bottom with its convexity downwards ; and hence, in all 
recent formations, such shells are always found in this 
poailion. But in the inclined strata, of which we are 
speaking, such tubular shells are found making various 
angles with the horizon, though they preserve their per- 
pendicularity with respect to the strata : aa represented at 
b. Fig. !i ; while had the strata been pierced after its dis- 
turbance, it would have been in the direction of e. Tho 
concave shells, under like circumstancea, are found to 
have changed their posiiions, theironvitiea being no longer 1 

Wbsi Dvidcnce of elavctian Jo nunnii woi 
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upwaid, but inclined acoOiding to the position of the 
strata. On the same subject, Dr. Ure aaya : " The erection 
of subaqueous strata into primitive mountains and plains, 
was evidently accompanied with univeisal disruption. 
Innumerable fragmentB of both the upborne and upbearing 
rocks were tossed about, and washed down into the con- 
gregated waters, along the precipitous shores, and over 
the beds of the primeval ocean. These shattered frag- 
ments, becoming agglutinated hy their own pulverulent 
cement, socm recomposed continuous strata, which bear 
internal evidence of the violence which gave them birth. 
Thus were formed the transition rocks of geologists, min- 
eral masses, which denote the passage between the 
upright primitive, and the horizontal secondary sti&ta, 
between those of inorganic and organic evidence." 




Pebbles, (oblique.) 



542. Yertieal btds of pehbles. — The convulsions which 
after a long interval caused the deluge, have dislocated ^ 
many of these conglomerates, so that strata of raunded 
pebbles assuredly agglutinated in a horizontal position, 
are now found standing in upright walls. Thus the 

Bow do vcitiemi beda et pebUn ihow tha aleratkiacf (be laudt 

26" 
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famous pudding-stones of V alorsine, in Savoy, are a kind 
of graywacke shist, containing rounded fragments of 
gneiss and mica-slate, six or seven inches in diameter. 
That stones, previously rounded by attrition, should build 
themselves up into a nearly perpendicular wall, as seen at 
Lign. 107, and stand steadily thus, till fine particles of 
hydraulic cement should have time to envelop and ^ 
them in their places, is an absurd and impossible supposi- 
tion. It is, therefore, demonstrable that these pudding- 
stone strata were formed in horizontal, or slightly inclined 
beds, and erected after their accretion. Such effects 
would be produced, in the convulsive emergence of the 
pebbly banks out of the primeval ocean, either at the 
general, or by some preceding catastropha There are 
mountains 10,000 feet high, in the Alps, formed of firmlj 
conglomerated pebbles. 

543. Elevation of the hypogene rocks, — Another and 
most striking proof that the rocks have been elevated by 
some force acting beneath them, is exhibited by primitive 
mountains in various parts of the world. 

Here we find granite in the centre, with stratified rocks, 
as gneiss, mica-slate and clay-slate, leaning against its 
sides, sometimes nearly in a vertical position. Now, as 
tliese stratified rocks must have been deposited on a hori- 
zontal level, or nearly so, and surely not in the highly 
inclined ix)sitions in which they are found, it is e\'ident 
that their original positions must have been changed, and 
llii'ir inclinations caused by the same force which elevated 
the primitive mountains. 

Under the article, '' Classification of Rocks," this sub- 
ject is illustrated by a wood cut, Lign. 71, to which the 
reader is referred. 

It thus appears sufficiently evident, that at least a great 
proportion of the habitable earth was formed in strata 
imder the sea ; and that subsequently to its being consol- 
idated, chiefly in the position and form of horizontal lay- 
ers, it has been violently elevated above the water, by 
some tremendous subterranean power. Hence, the strata 
are found oblique, dislocated, and rent asunder in nearly 
every part of the world ; and from this cause it is, that 
the sea and land have exchanged places, and the moun- 
tains have been elevated ; but to the same cause, even to 
the destruction of that continuity and harmony which 
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seems to have existed in ihe form of the primitive globe, 
we must attribute muay of the greatest conveniences and 
comforts which the present earth now affords 

544. Benefits of these dinlocations to man. — Had no dis- 
turbing forces inierpoaed, theje is reason to believe that 
the inferior strata, now in many placea elevaled into hills 
and mountains, would for ever have been concealed from 
the knowledge of man ; for was the earth every where 
covered with horizontal strata, lying in regular layers, 
one upon another, the same kind of formations would 
every where exist ; and of wliich we should know nothing 
below ihe depth of actual excavations. Metallic ileitis, 
salt, and coal, would afford no indications of their exist- 
ence at, or near the surface, There would have been no 
mural precipices, or mountain declivities, or out-croppings 
of strata, by which the geologist, or praclical miner, would 
be enabled to judge of the interior. Nor would there have 
been any springs of water issuing from tlie surface of the 
earth, for it is the inclination of the strata which directs 
the water to the surface, and its unevenness, which allows 
it to break forth in the form of springs. In plain level 
dislricja, no water rises to the surface. In these, and 
many?ther examples which might be noticed, we cannot 
but see the traces of benevolence and design, even in the 
"wreck of matter," which this earth everywhere dis- 
plays : and which, at every step, forces us to acknowl- 
edge, not only the power, but the wisdom and kindness 
of tile Almighty Builder of this, our habitation. 

545. The. agent, undoubtedly volcanic action. — With 
respect to the agent which has thus thrown mountains 
and continents from the depths of the ocean, and has 
dislocated the framework of the globe, we can conceive of 
none, except volcanic, of sufficient power to produce such 
effects. It is true that no continents, or extensive moun- 
tains, have been elevaled from the sea, since the historical 
erd, but we have a sufficient number of examples of the 
effects of this power, even during the present age, to show 
that the eslabliahed order of nature would not be changed 
by the elevation of a continent. The elevation of land to 
the extent of a hundred miles on the coast of Chili ; the 
risiog of the Sabrina island out of the ocean; and of the 

How havfl Ihcse dislucaliuna been of use lo man ! 
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Aleutian klands on the coast of Kamsehatka, out of the 
same ; the changes made by the force of yolcanoes in the 
neigrhborhood of Naples, and the effects of the earthquakes 
of Calabna and Lisbon, (all of which we have desciibed 
in the preceding pages,) affoid analogies by which it is 
not unreasonable to conclude, that it was the same kind 
of foice which bioke in pieces the cmst of the pdmevBl 
^obe, and raised the habitable earth from the ocean's bed. 
At what penod of the creation these great changes 
took place, we must remain in ignorance, but it is improb- 
aide that they were all effected at the same time. On the 
contrary, the appearance of the strata seems toindicate a 
succession of revolutions at different, and perhaps remote 
peiiods from each other. These revoIuticMis aj^ar to 
have been before the creation of man and animals, and 
probably by such means did the wisdom and benevolenee 
of the Qreator pr^MOB a place for their lecepdon and 
comfort 
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^^K CHAPTER XXXVl. 

AaUBOUB CAUSEH. 

546. Having describeil the eiFecl^ of igneous forcea in 
effecting changes on the cniBl of the earth, we now 
come to the conaideralion of some of those changes which 
have been produced by the action of water. 

As we have already seen, the earth almost everywhere 
presents satisfactory proof of having undergone great and 
terrible changes, and which geologists all coincide in 
believing, have been the effects of volcanic action, at some 
remote period ; but no positive evidence of either caiise or 
effects can be produced on this subject at the present day, 
since no high nioumains or deep valleys have been formed, 
within the age of history. But it is quile certain that 
these changes in the earth's surface have not been pro- 
duced by any general causes now in operation. 

547. Local causes will not account for the effects pro- 
duced. — It is true, that in a few inetancea, local causes 
have produced considerable changes wilhio confined 
limits, aa where volcanoes have raised craters, and extra- 
ordinary floods of water have made excavations, both 
within the memory of man, or within the epochs of his- 
tory ; but these causes, though supposed to have operated 
constantly, from the remotest period which the imagina- 
tion can suggest, will fail to account for the changes 
which it is evident the earth has undergone, since the 
stratified rocks were deposited and Uving existences 
created. We may hence conclude, either that the causes 
which produced such inighty effects have entirely ceased, 
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and are unknown to us, or that they operated with 
infinitely groat or force formerly, than at present. 

It Wmg one of the chief objects of geology to point out 
the clijiiiges which the cnist of the earth has undergone, 
and. if possible, to account for these, it becomes necessary 
that the causes now operating, the effects of which are 
apparent, should be described and distinguished from those, 
the effects only, not the causes of which, are certainly 
known at the present time. 

GENERAL EFFECTS OF RUNNING WATER. 

548. Aqueous effects of mountains. — ^It is well known 
that mountains, or lands elevated far above the level of the 
sea, attract the moisture of the atmosphere, in some pro- 
portion to their elevation. By this provision, the higher 
regions of the earth become perpetual reservoirs of water, 
which descend and irrigate the plains and valleys below. 
Thus, a great proix)rtion of the water which falls -upon the 
earth, is carried first to the higher regions ; and then made 
to descend, often by steep declivities, towards the sea; so 
that it acquires a rapid velocity, and removes a greater 
quantity of soil, than it would do if the rain was equally 
distributed on tlui mountains and plains. Thus, without 
reference to the disintegration or decay of rocks, the water 
constantly transports more or less soil and gravel from the 
hills to the plains. 

519. Mechanical effects of water. — Among the most pow- 
erful agents in effecting the decay of rocks, is the mechan- 
ical action of water, especially in cold climates. It is well 
known that water expands m the act of freezing. The 
effect of this expansion is so powerful as to burst bomb- 
shells, and large cannon, when closely conj&ned in them. 
When, therefore, water falls into the fissures of rocks, and 
there freezes, the rocks are rent apart with the force of a 
powerful lever ; and the more porous ones are divided into 
small pieces. These are often further divided by the fre- 
quent fall, and consequent crushing and grinding motion of 
one rock on another on the dechvities of the mountains. 
Water also has the power of dissolvuig considerable quan- 
tities of some kinds of rocks, es})ecially those of the lime- 
stone and gypsum kinds. The oxygen of the atmosphere 

What arp thp mec]ianical cfFpcts of running water? 
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Ib another cause of the decay ol rocks. " Th 

gradually absorbed by all animal and vegetable substances, 

and by alcnoBl all mineral masses exposed to the open 1 

air. It gradually destroys the equilibrium of the elements .| 

of rocks, even the hardest aggregates belonging to our jj 

globe." — Sir H. Davy. \ 

UGN. 108; I 
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550. Atlritum of running water. — When earthy matter 
has been once mixed with nmning water, a new mechan- 
ical power is obtained by the attrition of sand and pehblea, 
borne along by the violence of the stream. Rapid streams, 
chafed with foreign matter, and thrown against their 
rocky sides, will, in the course of time, produce excavations, i 

in consequence of which, rocks are often undermined, and ;! 

precipitated into their beds. The water being thus ob- i 

structaJ, accumulates, arid cuts for itself a new channel, T 

taking with it an additional quantity of earth. In this ' 

manner, also, the stream Is often made to take a new direc- { 

tion, perhaps obliquely across the valley through which l 

it runs. The unequal hardness of the soil is another ' 

cause of change in the direction of streams, and so also i 

are logs of wood, leaves, and other matters, with which j 

streams are often charged. When from these, or other 
causes, a current is made lo deviate from its course, it 
griidually wears a curve inlo the opposite bank, where 
the water for a moment accumulates, and then, receiving 
a. diferent direction from the lower side of the cmrve, ahoota 
acmss to the opposite side, where a similar curve is soon 
formed, and the water made to rtcross the channel as 
before. Thus, we often see brooks and rivers crossing and 
rficrussing the valleys through which they run, many 
times; and sometimes, after taking a wide sweep, return- 
ing again nearly to the point where the same water had 
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passed, an hour, or many hours before. When this hap- 
pens, and every one has seen such instances, it is often the 
case that during some overflow of the stream, the water 
cuts across the isthmus at A, as seen by Li^ 108, and 
thus forms an island. In consequence of this, the water 
not only takes a new direction at that particular point, 
but often the foundation is thus laid for considerable 
changes below the island. 

551. Fertile valleys formed hy rivers. — These serpentine 
windings, not only take place in trout brooks, but in the 
largest rivers, and thus become the means of leveling and 
fertilizing tracts of country, of greater or less extent. The 
Mississippi, through a considerable part of its course, cuts 
across its immense valley in the manner here described, 
and sometimes, after running ten or twenty miles, returns 
back again nearly to the same point. The fertile valley 
of the Connecticut has been formed, in a great measure, by 
the same means The rich meadows, now every year 
irrigated by its waters, have been formed, in the course of 
time, by the changes of its bed. Iliis is shown by the 
logs of wood uncovered in its banks by every new change 
its current makes at the present time. Charcoal and other 
organic substances, have been found 20 feet below the 
present surface of its banks. 

552. The buoyancy of water in transporting rocks. — In 
estimating the transporting power of water, we are apt to 
forget its buoyancy; and on which, indeed, its power of 
moving heavy substances, such as rocks, in a great meas- 
ure depends. The specific gravity of many rocks is little 
more than twice that of water, that of granite and lime- 
stone being about 2.50, that is, two and a half times, bulk 
for bulk, the weight of water. Hence, a stone, weighing 
twenty-five pounds in the air, or under ordinary circum- 
stances, will weigh only fifteen pounds when immersed in 
water. Those who have never tried the experiment of 
lifting a stone under water, will be surprised to find with 
what ease he can raise a block of granite to the surface, 
above which, however, with all his eflforts, he cannot Uft it. 
If a man can lift a stone weighing one hundred pounds 
whose specific gravity is two, in the air, he can lift one 
weighing two hundred pounds in the water, because the 

How are fertile valleys formed by rivers ? What proportion of a rock 
does the water lift I 
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fluid lifts just one-half of its weight. It is from our not 
taking this circumstance into account, that we are often 
surprised at the power of torrents to move stones of great 
size. 

553. Effects of the velocity of water. — According to ex- 
periments recorded in the Encyclopedia Britannica, a 
velocity of water equal to three inches per second is suffi- 
cient to tear up fine clay ; six inches per second, fine sand ; 
twelve inches per second, fine gravel ; and three feet per 
second, small stones. It is obvious, however, that the depth 
of the water will influence these results, and that the 
power of moving bodies will be in proportion to its depth 
and velocity. 

Since the time of historical records, the power of run- 
ning water has produced many and great changes in 
various parts of the world. In some instances, lakes have 
been filled up ; in others, deep ravines have been formed ; 
in others, whole districts have been ruined in consequence 
of rivers having changed their beds, and in others, consid- 
erable tracts of land have been accumulated, or sometimes 
swept away, by the force of mountain torrents. 

EFFJtSCTS OF THE RIVER, PO. 

554. The Po aflfords a grand example of the manner in 
which a great and rapid stream, bears down to the sea 
the alluvial matter poured into it by a multitude of tribu- 
taries, descending from lofty chains of mountains. The 
changes gradually produced by this river, in the great 
plains of Northern Italy, since the time of the Roman 
Republic, have been exceedingly disastrous to some parts 
of that country. Extensive lakes, and marshes, have been 
slowly filled up, as those of Placentia, Parma, and Cre- 
mona, while others have been drained by the same cause. 
Since 1390, the Po deserted its bed through a part of the 
territory of Cremona, and invaded that of Parma, its old 
channel being still obvious, and retaining the name of Po 
mortOj or dead Po. The town of Bressello, which formerly 
stood on the left bank of the river, now stands on the right ; 
the river, not the town, having changed its locality. In 
the ancient parish records it is stated, that several churches 
were taken down, and afterwards rebuilt at a greater dis- 

What is said of the effects of the Po, in transporting solid matter T 
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tance from the new bed of this devastating stream ; and in 
1471. the friars of a monastery pulled down their edifice, 
aii<l precie«l it at a greater distance from the Po. 

r^ryry. Emhankmcnt of the Po. — To keep this wild stream 
within bounds, a general s\'stem of embankment through 
the plains of Northern Italy, was commenced in the thir- 
teenth century, which has continually been increased 
until the present time. The increased velocity of the river, 
in consequence of its being thus confined, causes it to 
transport to the sea a much greater quantity of alluvial 
matter than it would otherwise do, because there are no 
sluggish intervals where its waters can deposit their sed- 
iment. Hence, the delta of the Po, even since the mem- 
ory of man, has greatly increased. The ancient city of 
Adria was originally a sea-port of the Adriatic, but it is now 
twenty miles from the shore. In the twelfth century, 
Adria was about six miles from the shore, the Po having 
added fourteen miles of alluvial soil since that period. 

But notwithstanding more alluvial matter is carried into 
the sea in consequence of this embankment, more is also 
deposited in its bed ; for that which would be spread upon 
the plains during an overflow, is now confined within the 
narrow limits of its banks. In consequence of this con- 
stant dejwsition, it is found necessary every year to remove 
the mud and sand from the bed of the river, and place it 
on the embankment ; otherwise the water would be in dan- 
ger of breaking through, and destroying the whole plain 
below. 

This system has been so long continued that, at the 
present day, the Po crosses its plains to a considerable dis- 
tance, on the top of a high and continued mound, like the 
waters of an aqueduct, and to the great hazard and terror 
of the people in the valleys, every spring. 

M. de Prony, who has recentl}' been employed by gov- 
ernment to examine the present condition of this river, and, 
if possible, to suggest some method of security against a 
catastrophe which every year threatens the lives and prop- 
erty of so many inhabitants, ascertained that the bed of 
the Po is now higher than the roofs of the houses in the 
city of Ferrara, near which it runs. The magnitude of 
these barriers, already so immense, it is found necessary to 
increase every year, to prevent an inundation, — Lyell and 
Cuvier. 
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When we consider that the smallest stream, breaking 
through or running over this embankment, would, if not 
discovered within a few seconds, destroy, in spite of all 
human power, many cities, towns, and villages, with all 
their inhabitants, we may in some degree conceive of the 
constant £inxiety which those must feel who reside within 
the danger. 

FALLS OF NIAOA&A. 

556. This is the most magnificent water-fall in the 
world. It is situated between lake Elrie above, and lake 
Ontario below ; the cataract being formed by the passage 
of the water from one lake to the other. The distance 
between the nearest shores of these lakes is about thirtpr- 
seven miles, and the height of Erie above Ontario is, 
according to Mr. Featherstonhaugh, 322 feet. On flow- 
ing out of the upper lake, the river is almost on a level 
with its banks, so that, if it should rise perpendicularly 
eight or ten feet, it would lay under water the adjacent 
flat country of Upper Canada on the west, and part of the 
state of New York on the east. The river where it issues, 
is about twenty-five feet deep, and three quarters of a mile 
wide. Its descent is fifty feet in half a mile. Goat island, 
at the very verge of the cataract, divides the water into 
two parts. The stream on the American side is 1,072 
feet wide ; and the curvature of the great Horse-shoe fall 
is 2,376 feet wide ; making the width of the whole at the 
falls, 3,448 feet. 

Although the aggregate descent from Erie to Ontario is 
322 feet, the perpendicular fall at the cataract is less than 
one-half this distance. 

The following particulars are from Mr. Featherston- 
haugh's journal: 
Fall from Erie to the rapids above the Cata- feet. miles. 

ract of Niagara, 15 in 23 

Fall of the rapids to the edge of the Cataract, 51 i 

Fall of the Horse-shoe Cataract, . . . .150 
From Horse-shoe fall to Lewiston, . . . . 104 > jq 
From Lewiston to Ontario, 2 S 

322 36} 

Where are the falls of Niagara? What is the height of Erie aboye 
Ontario? 
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557. The falls once at Queenstan. — ITiere is no doubt 
but the Falls of Niagara, at some remote period, were at 
Queenston. which is about seven miles below their present 
situation. The breadth of the gorge or excavation made 
by the waters, is, on approaching the falls, about 1^ 
feet, but is much narrower towards Queenston. 

The kind of rock through which it passes consists of 
limestone and shale, the latter a dark-colored shelly fonn- 
ation, 80 feet thick, hTiig under the limestone. The 
limestone is 70 feet thick, above w^hich is the ordinary soil 
of the country. 

The limestone is hard, and lies in horizontal strata at 
the edge of the falls ; but the shale is soft, and is acted 
upon with much greater facility than the limestone, so that 
the latter rock often overhangs the former, perhaps forty 
feet at the edge of the precipice. 

The blasts of wind charged with spray, which rise out 
of the pool into which this enormous cascade is projected, 
strike against the shale beds, so that their disintegration 
is constant ; and the superincumbent projecting limestone, 
being left without a foundation, falls from time to time in 
immense rocky masses. When these enormous fragments 
fall, a shock is felt, often at considemble distances, ac- 
companied by a noise resembling a distant clap of thunder. 

The waters, which expand at the falls, where they are 
divided by the island, are contracted again after their 
union into a stream, averaging not more than 500 feet 
broad. In the narrow channel, immediately below this 
immense rush of waters, a boat may pass across the stream 
with safety. The pool into which the cataract is pre- 
cipitated, being 170 feet deep, the descending water sinks 
down, and forms an under current, while the superficial 
eddy carries the upper stream back towards the main fall. 
{See Mr. Bake well j Jr.^ on the falls of Niagara^ London 
Magazine^ 1830.) 

558. Mr. LyelVs estimates. — Mr. Lyell, who refers the 
changes which have taken place on the earth's surface 
to " causes now in operation," states that the recession of 
the falls has been at the rate oi fifty yards in forty yeqrs^ 
and therefore a little more than three feet on an average in 
each year. 



At what place is it said the foils were once situated ? 
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^^TrtHe ratio of receasion, aaj^ he, ■• had never exceeded 
fifl; jarda in forty years, it mual have required oearlj ten 
thousand years for the excavation of the whole ravine ; 
but no probable conjecture can be o&red as to ihe quantity 
of time conaumed in such an operation, because the retro- 
grade movement may have been much more rapid when 
the whole current was confined within a space not ex- 
ceeding a fourth, or a fifth, part of that which the falls 
nowoccu^. Should the erosive action not be accelerated 
in future, it will take upwards of thirty thousand years for 
the falls to reach lake Erie (iwenly-five railes distant) to 
which they seem destined to arrive in the course of time, 
unless some earthquake changes the relative levels of the 
districts. The table-land extending from lake Erie, con- 
sists uniformly of the same geological formations as ars 
now exposed at the falls. The upper stratum is an an- 
cient alluvial aand, varying in thickness from 10 to 140 
feel ; below which, is a bed of hard limestone, about 90 
feet in thickneas, stretching nearly in e. horizontal direction 
over the whole country, and forming the bed of the river 
above the falls, as do the inferior shales belaai. The lower 
sbale is nearly of the same thickness of the limestone." 

559. " Should lake Erie remain in its present state until 
the period when the ravine recedes to its shores, the sudden 
escape of that great body of water would cause a tremen- 
dous deluge ; for the ravine would be more than sufficient 
(in depth, we suppose,) to drain the whole lake, of which 
the average depth was found, during the late surveys, to 
be ten or twelve fathoms." — LyeWs Geology, vol. L pp. 
179-182. 

Although Mr. Lyell owns that no probable conjecture 
can be afforded with respect to the time which has 
elapsed since the falls of Niagara were at aueenston, still, 
it is obvious that the impression intended to be left on the 
mind of the reader is, that it was about 10,000 years ago ; 
that is, about 4,000 years before the creation, according to 
Moses, these falls were at Glueenston. And at some fu- 
ture period, say 30,000 years hence, there will be a great 
flood in America, just as there have happened great floods 
at different periods, according to what he calls the " uni- 
formity of the order of nature." 

Now, let us aee, in the first place, whether the data 

■Uted by the author can possibly warrant the supposition, 

27* 
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that the falls of Niagara have been 10,000 years, or even 
hnlf that time, in passing; from Clueenston to their preeent 
location. 

Mr. Lyell, who quotes Capt, Basil Hall for his authority, 
makes the falls 800 yards wide at the verge of the pre- 
ciiHCe ; viz ; the Americao fall 200 yards, and the Horae- 
shoe fall 600 yards wide. The channel below the fallfl 
lowardE Q,ueenston, according to the same authority, is 
160 yards wide. Mr. Feath erst onha ugh, {^Monthly Ameri- 
can Journnlj'So. 1,) we have alreadyseen, makes all these 
widths more conaiderable. But we will lake Mr. Lyell'a 
own account. 

560. The old channel, being 160 yarda wide, is exactly 
one-fifth the width of the present falls. Now, supposing 
the retrograde movement of the cataract had been in pro- 
portion to its width, then, according to Mr. Lyell's esti- 
mate, it could have been only 2,000 years in traveling from 
Q,ueenston to its present place ; for 160 being a fifth of 
800, and allowing the present movement to be at the rata 
of 7 miles in 10,000 years, then, being only a Bfth as wide, 
anciently, as now, there is reason lo believe that it moved 
at least tlve times as fast. But reasoning from the data 
before us, the time must have been even less than 2,000 
years ; for it is plain that a given quantity of water,aay a 
yard in breadth, would perform the work of excavation more 
than five times as rapidly as it would if spread over five 
yards in breadth. It is, however, but fair to slate, that the 
falls at Queenston were not so high as they are at present; 
and therefore, estimating the quantity of water the same 
as at present, the movement must have been slower than 
now. For we know that the denudating, or excavating 
power of water, bears not only a proportion lo its depth 
and rapidity, but also to the height from which it falls j 
so that cataracts of httle elevation produce no perceptible 
effects for centimes, while, if the same quantity of water 
were precipitated from a height of several hundred feet, 
the whole precipice would gradually retrograde up the 
stream. Allowing, therefore, that the falls moved only at 
half the rate above eslimated, this would Gs the time at 
4,000 years since they were at Queenston. 
, 561. Mr. LyeWs personal examination of the Falls of 
Nia^ra. — In 1842, Mr, Lyell visited, in person, the Palu 
of f^agara, and it cannot but bo interesting to every in- 
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r on such subjects lo know the opinion of ao cela- 
famted a geologist, on the most magnificent cataract in the 
world. We ilierefore make the following extract from hja 
travels in North America : 

" The next inquiry into which we are naluraily led by 
OUT retrospect of the past history of this region, relates to 
the origin of the Falls. If they were once seven miles 
northward of their present site, in what manner, and at 
what geological period, did they first come into existence)" 
I shall endeavor to show, in a subsequent chapter, when 
speaking of Canada, that this drift (previously mentioned) 
was of marine origin, and formed when the whole country 
was submerged beneath the sea. In the region of the 
Niagara, it [the drift] is stratified, and though no fossils 
have as yet been detected in it, similar deposits occur in 
the valley of the St. Lawrence, at Montreal, at a height 
nearly equal to Lake Erie, where fossil shells, of species 
such as now inhabit the northern seas, he buried in the 
drift. 

"It is almost superfluous to affirm, that a consideration 
of the geology of the whole basin of the St. Lawrence, 
and the great lakes, can alone entitle us to speculate on 
the stale of things which immediately preceded, or accom- 
panied the origin of the great cataract. To give even a. 
brief sketch of the various phenomena to which our at- 
tention must be directed, in order to solve this curious prob- 
lem, woald require a digression of several chapters. Al 
preeent, the shortest and most intelligible way of explain- 
ing the results of my observations and reflections on this 
subject, will be to describe the successive changes, m the 
order in which I imagine them to have happened." 

562, Elevation and sabmergence of the land- — " The first 
event then to which we must recur, is the superficial waste 
or denudation of the older slratified rocks, all of which 
had remained nearly undisturbed and horizontal, from the 
era of their formation beneath the sea to a comparatively 
modern period. That they were all of marine origin is 
proved by their imbedded corals and shells. They at 
length emerged slowly, and portions of their edges were 
removed by the action of the waves and currents, by which 
cliils were formed at successive heights, especially where 
hard limestones, as at Blackrock and Lewiston, were in- 
-Oaml?^< aa.goft shales. After this denudation, the whole 
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ri.««rii>n was again ri^radually submerged, and this event 
t(K>k jilace during tlie glacial poricxl, at which time the 
burfiice of \\iv rocks uln-iuly denuded were smoothed, pol- 
ishrd. imd furrowed by glacial action. The country wai 
th«*n buried under a load of stratified sand, gravel, and 
erratic blocks, occasionally 80, and in some hollows more 
llutn 300 feet deep. The period of submergence last 
alludcil to was very modem ; for the shells then inhabiting 
the ocean belonged, almost without exception, to species 
BtiU living in high northern, and, some of them, temperate 
latitudes." 

563. Intrrmittnit reemcrgencc of tlie country. — ^ The 
next great change was the rfiemergence of this country, 
consisting of tht^ ancient denuded rocks, covered indis- 
criminatel}' with mtwlern marine drift. This upward move- 
ment was not sudden and instantaneous, but gradual and 
intermittent. The pauses by which it was interrupted are 
marked bj' ancirnt beach hues, ridges, and terraces, found 
at diffi'rent heights above the present lakes." 

Formation of the cascade at Qmcnston. — ^ As soon as the 
table-land b(»tween Lake Erie and Ontario emerged, and 
was laid drj', th(* river Niagara came into existence, the 
basin of Lake Ontario still continuing to form a part of 
the arix. From that moment there was a cascade at 
(lu'-enston, of moderate height, which fell directly into the 
sea. The uppennost limestone and subjacent slate, being 
expose<l, the cataract commenced its retrograde course, 
while tlie lower beds were still protected from waste by 
remaining submerged." 

Mr. I-ij'ell sui)iH)ses that, besides the fall at Queenston, 
then* were two others, between that place and where the 
Falls now are, and that in process of time, they have all 
united, by the action of the water on the rocks below, thus 
forming one grand cataract. — Traveh^Yol. i. pp. 38-40. 

AMERICAN DELUGE. 

504. With respect to the deluge, which Mr. I-.yell pre- 
dicts will happen about 30.000 j-ears hence in North 
America, we will state the grounds on which his pro- 
founilly scientific vision presages a catastrophe so awful 
to this devoted coiuitry. 

" It was," says he, '' contrary to analogy to suppose that 
nature had been, at any fonner epoch, parsimonious of time, 
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and prodigal of violence, to imagine that one district was 
not at rest while another was convulsed ; that the dis- 
tuzbing forces were not kept under subjection, so as never 
to carry simultaneous desolation over the whole earth, or 
even over one great region." •***. « in speculating on 
catastrophes by water, we may certainly expect great 
floods in future, and we therefore presume that they have 
happened again and again in past times. The existence 
of enormous seas of fresh water, such as the North Ameri- 
can lakes, the largest of which is elevated more than 600 
feet above the level of the ocean, and is in part 1,200 feet 
deep, is alone sufficient to assure us, that the time will 
come, however distant, when a deluge will lay waste a 
considerable part of the American continent. No hypo- 
thetical agency is required to cause the sudden escape of 
the confined waters. Such changes of level and oj)ening 
of fissures, as have accompanied earthquakes since the 
commencement of the present century, or such excava- 
tions of ravines as the receding cataract of Niagara is now 
effecting, might break the barriers. Notwithstanding, 
therefore, that we have not witnessed within the last 3,000 
years the devastation by deluge of a large continent, yet 
as we may predict the future occurrence of such catas- 
trophes, we are authorized to regard them as part of the 
present order of nature, and they may be introduced into 
geological speculations respecting the past, provided we 
do not imagine them to have been more frequent or gen- 
eral than we expect them to be in time to come." — Prin- 
ciples of Geology^ vol. i. p. 88. 

565. Mr. LyelPs argmnent runs thus : " Because there 
are great lakes in North America, situated 600 feet above 
the sea, and because the cataract of Niagara is receding 
towards these lakes at the rate of fifty yards in forty 
years ; therefore, we may anticipate great floods in future, 
and we therefore presume that they have happened again 
and again in past times." Consequently, we must pre- 
sume that all the changes the earth has undergone by 
water, have been produced by such catastrophes, and 
therefore Noah's flood never happened, and so the Mosaic 
history is not to be beheved. 

It is plain that Mr. Lyell's zeal to show that there has 
been no imiversal deluge, made him forget, that in another 
part of his volume, he states that the quantity of sediment 
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Mb'hicb is every rear depoi:ie>i in lake Erie, is such, that 
i: "*-.Ii :".:«•-/.>.' be nlied iv*. &ni becosae drv land : and as hfl 
d'>-s n/. fxjjfCi ihe cii:?iric: of Niagara will drainthis 
lak'r i!.::: '.he end of oO/X»0 rears, we mav hope that it 
Will btcoiue solid wiTbiij iha: per.od. 

B J! iiid^pendentlv of this oversight, no person of the 
least reflection, whether geologist or not. would for a 
moijieiit believe that a lake, formed hke a dish, and sur- 
rouii'leii on all sides by solid limestone rocks. 90 feet thick, 
as Ene i». could be drained to its bottom in a few hours by 
the action of its own waters. Suppose the cataract of 
Niagara now at the outlet of lake Erie, and moving into 
it at the rate of 50 vards in 40 vears, or a httle more than 
a 3'ard per year, we would inquire of Mr. Lvell how long 
a pcrio<l would be consumed in draining it to the bottom, 
and whether the escape of its waters thus sudden^ *^ would 
cause a tremendous deluge." as he asserts. 

XOUXTAIX SLIDES. 

5G0. Instances have happened in various parts of the 
world, where considerable changes have been produced in 
the surface of the globe, by the sliding of large portions of 
earth, to^^elher with fragments of rocks, from the declivi- 
tii'.s of nioiuitains. These changes are readily distin- 
guished from those occasioned by the general deluge, not 
only by their local and more recent appearance, but also 
by I lie (iirection in which these precipitated rocks remain 
with respect to the range of the mountain from which 
they have fallen. For the great currents of the deluge 
li'ft their j'lFoct in lines corresponding with the ranges of 
most of the high mountains and considerable valleys, 
where tlioy are still to be seen ; whereas, occasional slides 
leave their eifects at the feet of the mountains, in piles, or 
downward ranges. 

SLIDE OF THE WHITE MOUNTAINS. 

567. The White Mountains are situated in New Hamp- 
Hhire, antl arc the highest land in New England. The 
slido to be described took place in August, 1826, and was 
in consequence of the fall of an immense quantity of rain 
on the mountain. 

< )n both sides of the river Saco, innumerable rocks and 
Mtoncs, many of them of sufficient size to fill a common 
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apartment, were detached ; and, in their descent, swept 
down before them, in one promiscuous and frightful ruin, 
forest shrubs, and the earth in which they grew. No 
tradition existed of any similar catastrophe at former 
times, and the growth of the forests on the flanks of the 
mountain, clearly proved that, at least for a long interval, 
nothing similar had occurred. One of these moving 
masses was afterwards found to have shd three miles, 
consisting of rocks, earth, trees, &c., with an average 
breadth of a quarter of a mile. The excavations com- 
menced generally in a trench, a few yards in depth, and 
a few rods in width, and descended the mountain, widen- .' 
ing and deepening, until they became vast chasms. For- 
ests of spruce and hemlock were apparently prostrated 
with as much ease as if they had been fields of grain. 
The valleys of the rivers Amunoosuck and Saco, presented 
for many miles an uninterrupted scene of desolation ; all 
the bridges being carried away, and the ground strewed 
with the wrecks of trees and rocks, and in many instances 
large quantities of soil. In some places the road was 
excavated to the depth of 15 or 20 feet ; and in others, it 
was covered with rocks, trees and soil, to as great a 
height. In various places, as shown by the remaining 
marks, the water rose to the height of 25 feet above its 
ordinary level. 

But these things are of httle consequence, when com- 
pared with the human suffering which this catastrophe 
occasioned ; for a family of nine persons was destroyed on 
the night of the 28th, and not one lived to relate the cir- 
cumstances. 

This family, named Willey, occupied a house at the 
foot of the mountain, a most lonely place, six miles from 
any other hiunan habitation. It was a resting-place for 
travelers. On the morning of the 28th, the house was 
found standing, but not a human being was there. In 
the course of a few days, seven out of the nine bodies 
were found at a short distance below the house, buried 
under the ruins of the mountain, and most of them shock- 
ingly mangled. It appeared that one of the heaviest 
slides from the top of the mountain, had rushed iij the 
most impetuous manner towards the house, but when 
within six feet of it, had divided, and passed on each side, 
leaving the house untouched, but sweeping away the 
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Stables and horses. At this time it is supposed that the 
famil}' left the house, and met their destruction ; had they 
remained, all would have been safe. — Silliman^s Journal 
for January^ 1829. 

568. Flood in the Valley of Bagnes, in 1818. — The 
Valley of Bagnes forms a part of the main valley of 
the Rhone, above the lake of Geneva, in Switzerland. 
Through this valley passes the river Dranse, which falls 
into the Rhone, above the lake. In 1818, in consequence 
of the fall of avalanches, the Dranse was completely 
dammed up, so that a barrier of ice remained across its 
channel, until the melting of the snow in the spring 
formed a lake in its bed, a mile and a half in length, 
about seven hundred feet wide, and in some places two 
hundred feet deep. To prevent the consequences appre- 
hended from the sudden bursting of this barrier, the people 
cut a tunnel through it, several hundred feet in length, 
before the water had risen to any considerable height. 
When the water had accumulated so as to reach this 
tunnel, or gallery, it mn through, and melting the ice, it 
drained off about one half of the lake. But at length, on 
the approach of the hot season, the central portion of the 
remaining mass of ice gave way with a tremendous crash, 
and the residue of the lake was emptied in half an hour. 
In the course of its descent, the water encoimtered several 
narrow gorges, and at each of these it rose to a great 
height, and then bursting its barriers, nished forward with 
increased violence, sweeping along rocks, houses, trees, 
bridges, and cultivated lands. For the greater part of its 
course, the flood resembled a moving mass of rocks and 
mud, rather than of water. Some fragments of primary 
rock, of enormous magnitude, and which, from their dimen- 
sions, might be compared, without exaggeration, to houses, 
were torn out of a more ancient alluvion, and borne down 
for a quarter of a mile. The velocity of the water, in the 
first part of its course, was thirty-three feet per second, 
which diminished to six feet, before it reached the lake of 
Geneva, where it arrived in six hours, the distance being 
fortv-five miles. 

This flood left behind it, on the plains of Martigny, 
thousands of trees torn up by the roots, together with the 
fragments of many buildings. Some of the houses in the 
town of Martigny, were filled with mud, up to the second 
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Story. After expanding in the plain, where the town 
stands, it passed into the Rhone, and did no further dam- 
age. Many hves were destroyed by this flood, and the 
bodies of several persons were found on the surface of 
the Geneva lake, 30 miles from the place where they were 
swept away. 



CHAPTER XXXVn, 



CHANGES EFFECTED BT SPRINGS. 

The theory of springs will be reserved for another 
place. At present, our object will be to show the effects 
which springs have had in changing the surface of the 
globe. 

569 Calcareous tufa, or travertine^ — -It is obvious that 
springs of pure water, unless uncommonly powerful, will 
produce but little effect on the surface along which they 
run, and, with a few exceptions, their excavating effects 
are scarcely to be taken into account. But springs which 
contain carbonic acid gas, often hold considerable quanti- 
ties of calcareous matter in solution, and which is depos- 
ited along their courses, producing what geologists term 
calcareous tufa, or travertine. 

These deposits are generally porous, and mixed with 
leaves, bits of wood, mud, &c., but when more pure, they 
are so solid as to be employed for building-stones. Many 
of these springs are thermal, or warm, and aboimd chiefly 
in volcanic coimtries. 

In those parts of France and Italy which skirt the 
Appenines, innumerable mineral springs, chiefly containing 
carbonate of lime, issue from the ground. As the water 
evaporates, the lime is left on the surface, and thus the 
ground in some parts of Tuscany is covered to a consider- 
able extent with the kind of deposit called travertine, 
already noticed. In some places these deposits are solid, 
and smooth on the surface, much resembling currents of 
lava. 

2a 
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BATH8 OF BAN VIONONE. 



This spring is also in Tuscany, and affords a striking 
example of the rapid precipitation of carbonate of lime 
from thermal waters. The spring issues from near the 
summit of a hill, about one hundred feet high. The 
water is hot, but Mr. Lyell, from whom this account is 
taken, does not give its temperature. 

So rapid is the deposition from this water, that a pipe, 
leading from the spring to the baths, and inclined at an 
angle of thirty degrees, is found to contain a coat of solid 
limestone, half a foot thick, every year. A mass of solid 
rock, below the hill, formed by this water, is two hundred 
feet thick. This is employed as a building-stone, and in 
quarrying it, Roman remains of art, such as tiles, have 
been found five or six feet below the surface, being covered 
by the deposit. 
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These baths are situated only a few miles from those 
already described. The waters which supply them are 
impregnated with carbonate of lime and sulphate of lime, 
(gypsum.) They flow from the spring immediately into 
a pond, where in twenty years a solid rock is deposited, 
thirty feet thick. A curious manufactory, which produces 
medallions in hasso-relievo^ is carried on at this place. 

570. Manufacture of medallions. — The water is first 
allowed to stand in a cistern, where the sulphate of lime 
is deposited. It is then conveyed to a chamber, through 
a tube, from the end of which it falls ten or twelve feet, 
the current being broken by numerous small sticks cross- 
ing each other, and by which means the spray is dis- 
persed around the room. Here are placed the molds of 
the medallions to be formed, which are first rubbed over 
with a little soap. The water, striking on these molds, 
leaves particles of carbonate of lime, which, gradually 
increasing, leaves exact and beautifully white casts of 
their figures. 

The solid matter left by this spring, is a mass of lime- 
stone and gypsum rock, a mile and a quarter long, the 
third of a mile in breadth, and in some places, at least two 
hundred and fifty feet in thickness. The length of this 
deposit terminates abruptly, being crossed by a small 



stream, which carries away the undepoaiied matter with 
the waters of the spring, otherwise it would have been 
much more exiensive. 

571. Time indicated by this spring. — The quantity of 
mailer deposited from these springs, shows the newness of 
the earth, or at least of the present order of things on its 
surface ; for had thejexisted at the period when Mr, Lj^ll 
supposes the cataract of Niagara was at Queenston, and 
discharged their waters, and farmed depositions, as they 
do al the present day, and which it is certain they did at 
the lime of the Romans, these strata ought to liave been 
at least ten thousand feet thick. 

It is apparent, from what "has been stated coneemine 
cftlcareous springs, that in the lapse of ages, considerable 
changes must have been made in the earth's surface 
from this source. But it must not be forgotten that this 
cause is local in its nature, being confined chiefly to vol- 
canic districts ; and that even such districts seldom con- 
tain springs which work such changes as are above 
described. 



572. Solution of silex in tcarer.— Although we possess 
no chemical process by which water can be made to dis- 
solve pure silex, or flint, yet, in the great laboratory of 
nature, this effect is produced. There is, however, a pro- 
cess in chemistry, in which, by a previous combination, 
ailex becomes soluble in water, and which, perhaps, affords 
an analogy to the process employed by nattu*. If silex 
be finely pulverized, and then melted with a quantity of 
common alkali, the whole hecomes soluble in hot water. 
Now, springs containing any considerable quantity of 
silex, are always of high temperatures ; and it is to the 
great degree of heat which exists at their sources, together 
with small portions of alkaU, which volcanic rocks con- 
tain, and which the water dissolves, that we are to 
attribute the property these waters possess, of holding 
silex in solution. Springs containing any considerable 
quantity of silex, are, however, exceedingly rare, and are 
mentioned here, rather on this account, than for the 
changes they have produced on the earth's surface. 

573. GJevsers of Icelanh, — But the Geysers of Iceland 
efibid the most remarkable examples of the deposition of 
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silex. These spiings are situated in a volcanic district, 
the surface of the ground out of which they rise being 
covered with streams of ancient lava, through the fissures 
of which, steam and hot water are emitted in various 
places. 

The great Geyser, which has excited so much interest, 
on account of the singular phenomena which it exhibits, 
rises out of a basin at the summit of a circular mound, 
coin]K)scd of silicious incrustations, deposited from the 
spray of its waters. The diameter of this hasin, or crater, 
is fifty -six Ibet in one direction, and forty-six in the other. 

In the centre of this basin, is a natural pipe, seventy- 
eight feet in peq)endicular depth, and from eight to ten 
feet in diameter, gradually widening as it opens into the 
basin. The basin, as the spring intermits, is sometimes 
emi)ty ; but is more commonly filled with beautifully trans- 
parent boiling-hot water, which is often in a state of vio- 
lent ebullition. During the rise of the water up the pipe, 
especially when the ebullition is most \'ioleiit, subterra- 
nean noisos are heard, like the distant firing of cannon, and 
a slight tremor of the earth is felt near the place. The 
sound then increases, and the motion of the earth becomes 
more violent, until at length a column of water is thrown 
up from the pipe, in a iieri)endicular direction, to the height 
of from one to two hundred feet, attended with loud 
explosions. This is continued, w^ith interruption.s. like an 
artificicil fountain, for a few minutes ; the water at the 
same time giving off immense quantities of steam and 
vaj)()r ; when the pipe is evacuated by the discharge of its 
whole contents of water, and there follows an immense 
column of steam, which rushes up with amazing force, 
and a loud thundering noise ; after which, the eruption, or 
paroxysm, terminates, and the Geyser becomes quiet. 

574. Stones broken into fragments. — If stones are thrown 
into the pipe, or crater, during an eruption, they are 
instantly ejected ; and such is the explosive force of the 
steam, that masses of hard rock thrown in, are returned 
into the air, shivered into small fragments. Mr. Hender- 
son, late a resident in Iceland, and well acquainted with 
these i)henomena, states, that by throwing stones into the 
pipe of the Geyser, he could bring on an eruption in a few 
minutes, and that, in such cases, the fragments of stone, 
as well OS the water, were thrown much higher than 
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usual. When an eruption had been broughi on in thw 
manner, and the water had been ejected, the steam con- 
tinued to rush up, with amazing force, attended hy a 
deafening roar, for nearly an hour ; but the Geyser, as if 
exhausted by thia effort, did not give symptoins of a fresh 
eruption when its usual interval had elapsed. 

575. Explanation of these phejumteTta. — In the different 
explanations which have been offered, to account for 
phenomena so singular and astonishing, and which have 
been no where else observed, most writers agree in sup- 
posing a subterranean cavity, where water and steam col- 
lect, and where the free escape of the same ia interrupted 
at intervals, or until it acquires sufEcient force to overcome 
the resistance occasioned by the pressure of the water. 
This will be readily understood by the annexed diagram, 
reduced from Mr. Lyell, and we may remark that the 
theory is the same with that of intermitting springs, only 
that the Geyser acts by steam, while the other is explained 
on the principles of the syphon. — See the Author's Nat. 
Philosophy. 
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In explaining this cut, suppose water, percolating from 
the Burface of the earth, or from springs below, finds ita 
-way into the subtemuean cavity dy by the fissucea f f^ 
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Ms'hilo nt the same time steam, of an extremely high tem- 
}vratun\ eiuanatos from volcanic rocks into the same 
cavtiv. ihronjrh ihe fissures cc. A portion of the steam, 
in \\\v first j>laee. wouKl be condensed into water; but its 
tennHMatuiv eoiil inning to increase by the latent heat of 
the steam, the lower part of the cavity would soon be filled 
with the iH^ihni? tlnid. while the upi>er part would be filled 
bv steam under considenible pressure. The steam, con- 
tinuinir to form, the water being now too hot to condense 
it. wi>iild siK>n. bv its expansive force, drive the water up 
the pijv or iissun\ e A. whatever might be its height, and 
thus the basin at the surface would be filled, and an enip- 
tion take plaee. When the pressure is thus diminished, 
the steam in the upjxT part of the cavity a, would expand, 
or probably a jxirtion of the boiling water, under dimin- 
ishevl pressure, would bo instantly converted into steam, 
and the [vissajre being free, would rush up the pipe in the 
same manner as is seen and heard on opening the safety 
valve of a steam-boiler. If the pipe be choked up artifi- 
cially with stones, oven for a few minutes, a great increase 
ol' heat would bo occasioned, since the steam would thus 
be prevented t'rom escaping; so that the water would be 
made to Knl in a tew miimtos. and thus an eruption would 
be brouirht on. as statotl bv Mr. Henderson. 

'I'his explanation accounts for all the phenomena 
observetl in the Geysers: and although we cannot be cer- 
tain ot' its tnith. still there is every reason to believe that 
such a cavitv exists, and it is certain that steam is the 
movinir jxnver. — LvelVs P. vol. ii. p. 465. 



CHAPTER XXXVIII. 

DELTAS IN LAKES AND THE SEA. 

Considerable changes have taken place by causes now 
goinfif on, in consequence of the deposition of earthy mat- 
ter at the mouths of rivers, where they enter lakes or seas. 
We have already given an account of the accumulation 
of land along the shores of the Adriatic, in consequence, 
chiefly, of depositions ftom \.Yi<i iw«i Po. The (\uantity of 
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matter thus carried down by different rivers, of similar 
magnitudes, differs exceedingly; this difference depending 
much on the rapidity of the stream, and its liability to 
overflow its banks at certain seasons. 

576. Delta of the Lake of Geneva. — The Lake of Cre- 
neva is thirty-seven miles long, and from two to nine miles 
broad. The Rhone enters at one end of this lake, and the 
city of Greneva stands at the other. The water, where it 
discharges itself near the city, is exceedingly clear and 
transparent, but at the upper end it is commonly turbid, in 
consequence of the matter brought down by the Rhone. 

Mr. De la Beche, after numerous soimdings, found that 
the depth of the water, in the middle of the lake, was from 
one hundred and twenty to one hundred and sixty fath- 
oms ; but on approaching the mouth of the Rhone, the 
water began to grow shallower at the distance of a mile 
and three-quarters from that end of the lake. It may be 
stated, therefore, that the strata annually produced by the 
river are about two miles in length. From soundings, it 
has been ascertained that, in some places, the deposits 
from the Rhone are probably from six to nine hundred feet 
in thickness ; and from the remains of some Roman build- 
ings on the border of the lake, Mr. Lyell judges that this 
accumulation has taken place within the last eight hun- 
dred years. "If," says he, "we could obtain the depth of 
this accumulation, formed in the last eight centuries, we 
should see a great series of strata, probably from six to 
nine hundred feet thick, and nearly two miles in length, 
inclined at a very slight angle." 

Mr. Lyell proposes a plan for estimating the time when 
the Lake of Gteneva, or the Leman lake, will become dry 
land, by the accumulations from the Rhone. 

The capacity of the lake being obtained, "it would," 
says he, " be an interesting subject of inquiry, to determine 
in what number of years the Leman lake would be con- 
verted to dry land. It would not be diflicult to obtain the 
elements for such a calculation, so as to approximate at 
least to the quantity of time required for the accomplish- 
ment of this result. The number of cubic feet of water 
annually discharged by the river into the lake being 
known, experiments might be made in winter and sum- 
mer to determine the proportion of matter held in suspen- 
sion, or in chemical solution, by the Rhone." 
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Such calculations, however, after all the data that could \ 
be obtained, would be exceedingly uncertain ; and since the 
elements proposed bj the author have not been obtained, 
we do not extract his speculations on this subject. 

577. Rate of formation. — But were it ascertained, ex- 
actly, how much alluvial matter is carried down bj the 
Rhone at the present day, still, this would decide nothing 
definitely with respect to the time during which this ac- 
cumulation has been forming. According to Mr. Ljell's 
supposition, above cited, a part of the delta has fonned at 
the rate of about a foot in a year; namely, from six to nine 
hundred feet in eight hundred years. Now, allowing that 
the Rhone has, on an average, deposited a foot of matter 
a year in the lake, and has continued to do so ever since 
the deluge, then the acciunidation ought to be at least 
four thousand feet thick, which would long ago have 
filled up the Leman lake, and made it solid ground. The 
phenomena of this lake, therefore, clearly shows, that 
either it has not received the Rhone for so many years; 
or, if so, that its waters contained less solid matter an* 
ciently, than at present. In either case, it is quite certain 
that no argument can be derived from the present condi- 
tion of this delta, in favor of the high antiquity of the 
present fonn of the earth- But, on the contrary, if any 
conclusions can be drawn from this source, they are in 
direct coincidence with the idea that the present order of 
things are of recent origin, and therefore in confirmation 
of the truth of the sacred history of the deluge. 

578. Accumulations in the Baltic. — The question 
whether the waters of the Baltic sea have been sinking, 
or whether they have remained stationary, and the land 
has risen, has been a subject of controversy among philoso- 
phers, during more than half a century. Celsius, a Swe- 
dish astronomer, long since attempted to prove that the 
waters of this sea had suffered a depression, at the rate of 
about 45 inches in a century, from the earliest times. He 
contended that the proof of this change rested, not only 
on modem observation, but also on the authority of the 
ancient geographers, who state that Scandinavia, now a 
peninsula, was formerly an island. In more modem times, 
he also claimed that places, which once were sea-ports, 
were now at considerable distances from the water; and 
that rocks which were formerly covered by the water, 
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were now naked, and even some of them were eight feet 
high, though 150 years ago they were submerged. 

579. Objections to this theory. — On the contrary, the 
objectors to Celsius' theory contended that all the facts 
brought forward to prove the sinking of the water, could 
be explained and accounted for on other principles. They 
claimed that accumulations of earth, by the sediment from 
rivers, or the action of currents, sufficiently explained the 
reason why some places, once sea-ports, are now at a dis- 
tance from the water ; the land at these localities had 
extended into the sea, while the level of the water had 
not changed. And, with respect to the rocks at a dis- 
tance from the shore, it was shown that this island con- 
sisted of sand and drifted stones, and that during great 
tempests in the winter, not only more sand, but large rocks 
were thrown upon it by the ice, and there remained. It 
was thus contended that these rocks had risen, while the 
water remained stationary. 

580. Action of the Sivedish government on this subject. — 
This subject being of great interest to the country in the 
region of the Baltic, the Swedish government directed ex- 
periments to be made, by cutting grooves in stationary 
rocks on a calm day, on the exact level of the water, so 
that, if possible, this long and exciting controversy might 
be in a train of accurate decision. In 1820-21, all the 
marks made before those years were examined by the offi- 
cers of the pilotage estabhshment of Sweden; and in their 
report to the Royal Academy of Stockholm, they declared 
that, on comparing the level of the sea at the time of their 
observations, with that indicated by the ancient marks, 
they foimd that the water was comparatively lower than 
formerly, at certain places, but that the amount of change, 
during equal periods of time, was not the same. During 
this survey, they cut new marks for the guidance of future 
observers. 

581. Mr. LyelV s observations in \%ZL — Mr. Lyell states, 
that fourteen years after the marks of 1821 were cut, he 
had an opportunity, by a visit to that country, to examine 
this subject in person, and the following is a summary of 
his observations: 

" In that interval, the land appeared to me to have risen, 
at certain places north of Stockholm, about five inches. 
I also convinced myself, during my visit to Stockholm, 
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after convereiog with many civil engpineers, pilots, and Gth' 
ermen.and after examining some of the ancient marks, tbat 
the evidence formerlj adduced in favor of the choagc oF 
level, both on the coasts of Sweden and Finland, was (iili 
and a alia factory." 

58'2. AmouTit of chartge diminithes loioarda the *o«li,— 
The sinking of the levelevidentlydinuaishee as we proceed 
from the nortbeni parts of the gulf of Bothnia, towaids 
the south, being very slight around Stockholm. Sotne 
writers have, indeed, represented the rate of depresaioo, tX 
Ihat city, as very considerable, becauee certttin housw, 
which are built on piles, have sunk down within the mem- 
ory of persons still living, so as to be out of perpendicular, 
and this in consequence of the lopa of the piles decaying, 
and giving way, where they are exposed to the action both 
of the air and the water. 

583. No tides in the Baltic sea. — To the inquiry, whether 
a variation of level in the Baltic, amounting to only a fool 
or two, can be clearly determined, it is replied, that except 
near the Cattegal, there are no tides in that sea ; and that 
it is only when particular winds have prevailed for severnl 
days in aucceasion, or at certain seasons of the year, when 
there has been an unusually abundant influx of river water, 
or when these causes have combined, that the Baltic is 
made to rise two or three feet above its standard level 
The fluctuations due to these causes, are nearly the same 
from year to year; ho that the pilots and fishermen believe, 
and apparently with reason, that they can mark a devia- 
tion, even of a few inches, from the ordinary or mean 
height of the waters ; and by such marks it is proved that 
the waters have gradually retired. 

564, Has the land risen, or the ioalers suffered a reces- 
sion? — It appears, therefore, that the original theory of 
Celsius, that the waters of the Baltic have suffered a 
gradual depression, la no longer doubted ; but whether from 
the riaing of the land, or the retiring of the sea, is the aext 
question. That the former has been the case, there can 
be no doubt; since uncoofined water will, in all cases, 
seek its own level; the Baltic, therefore, having an outlet 
into the ocean, could suffer no permanent depression with- 
out a general diminution of the waters of the fwrner. 
The retiring of its waters, consequently, is a sufficient proof 
of the rising of the land. 
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585. To what ewtent, in tiorthem Europe, has the land 
risen ? — It aeems probable, from the facts and obaervaiiotia 
staled, that this gradual upward motion of the earth ex- 
tends from Gottenburg, to Tomeo, and from thence lo the 
North Cape, the rale of elevation always increaeing to- 
Tvards the north. The two estcemities of thia line, are 
more than a thousand geographical miles distant from 
each other; and as both tenninate in the ocean, we kaov 
not liow much further the same effect has been produced 
under the water. As to the breadth of this elevated tract, 
there is little certainly, though it probably extends to con- 
Biderable distances on each side of the gulf of Bothnia, 
and perhaps far into the interior both of Sweden and 
Finland. 

586. Horn long has this elevation been going on? — It ap- 
peal^ that this devation of the land commenced at a. very 
early period ; for, from the evidence of marine sheila, which 
are found in Norway, lo the height of 400 feet above the 
present level of the Baltic ; and at Uddevatla, several 
hundred inilea to the south, at the elevation of 200 feet, 
above the same level, it seems to be proved that all this 
region of coimlry waa once covered by the sea, and con- 
sequently, that this gradual rising has now amounted to 
at least from 200 to 400 feet. Now,by calculations made 
on data, furnished by the receaaion of the water from huild- 
mgs, and, more recently, by marks made in mural rocks 
along the shares, it appears that the elevation has been 
at the rate of about four feet in a century, which 4 feel, mul- 
tiplied by 5,000 years, is equal lo 200 feet. It would seem, 
therefore, from these calculations, that at the present esti- 
mated rate, the elevation began at least 5,000 years from 
the preseot time. But it is quite obvious, that htlle reh- 
anoe, with respect to time, can he made on these esti- 
mates ; since, for aught that can now be known, the rising, 
anciently, might have been much more rapid than at pres- 
ent; and even the principal elevation might have been in 
a single hour. — Lyell, voL ii. p. 404, 

587. Cause of this eleitation. — In no instance has a sim- 
ilar phenomenon been known to geologists. Local eleva- 
tions of the land,as wellas the sinking of certain confined 
tracts, have often taken place, as we have already shown 
under the head " Earthquakes." But a gradual rising of 
the earth, embracing whole kingdoms, and that so slowly 
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as for centuries to be unknown to its inhabitants, and that 
too in a rcririon where volcanoes do not exist, and where 
evtn earthquiikes are unknown, is a wonder in geology, 
not easily explained. In the present state of knowledge, 
this phenomenon can only be attributed to some change 
in the state of that mass of igneous matter, which 
undoubtedly exists every where under the crust of the 
earth. 

588. Delta of the Rhone in the sea. — We have seen that 
the Rhone deposits large quantities of sediment in the 
lake of Greneva, and have noticed with what crystaline 
transparency the waters of that lake are discharged to 
continue the same river towards the sea. But, says Mr. 
L^'ell, " scarcely has the river passed out of the Leman 
lake, before its pure waters are again filled with sand and 
sediment by the impetuous Arve, descending from the 
highest Alps, and bearing along in its current the granitic 
detritus [broken rocks] annually carried down by the gla- 
ciers of Mont Blanc." The Rhone, also, afterwards 
receives vast contributions of transported matter from the 
Alps of Dauphiny, and the primary and volcanic moun- 
tains of central France, so that when it reaches the Medi- 
terranean, it discolors the waters of the sea to the distance 
of many leagues. 

'I'he advance of the delta of the Rhone into the sea, is 
I)rovcd by many circumstances, and particularly by the 
facts that an island described byPomponius Mela, an an- 
cient Latin geographer, is now far inland, and that a loca- 
tion which was a harbor in 898, is now three miles from 
the shore. It is also known that Psamodi, which was an 
island in 8 1 5, is at the present time six miles from the sea 

As the Rhone enters the sea by several mouths, at con- 
sidurablo distances from each other, a large tract of 
country is brought within its influence ; and thus, besides 
exton(!ing the land along the shore, marshes of great ex- 
tent have, during the lapse of ages, been filled up by its 
annual deposits. 

581). ISolid rock from carbonate of lime. — In the course of 
this river it receives the waters of a vast number of springs 
containing carbonate of lime in solution, and which, mixing 
with the waters of the Rhone, is not deposited until it 
reaches the sea. Hence, the delta of this river, instead 
of consisting of loose incoherent sediment, like the depos- 
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its from most other rivers, consists chiefly of solid rock ; 
the carbonate of lime acting as a cement to the sediment, 
when this exists, or, in its absence, forming hmestone, 
nearly pure. This is a well-ascertained fact ; for large 
masses of this rock are quarried for various purposes, and 
are foimd to consist of sand consolidated by a calcareous 
cement, and mixed with broken shells. After the sand 
has been deposited, the waters still hold a portion of the 
carbonate in solution, which is thrown down in a purer 
state, and even sometimes in the form of crystaline masses. 
As an example, there exists a cannon in the museum of 
Montpelier, taken up from near the mouth of this river, im- 
bedded in crystaline limestone. 

Thus, we see that solid limestone is now constantly 
forming, in which are imbedded shells, as in the ancient 
marbles, which some geologists have contended were 
thousands of years older than the creation, according to 
Moses. This circumstance is important, and will be ad- 
verted to in another place. 

590. Marine and fresh-water shells. — In a late survey of 
the coast of the Mediterranean, the ships employed at the 
mouth of the Rhone were obliged to quit their moorings 
when the wind blew strongly from the south-west. Cap- 
tain Smith, one of the officers on this service, states, that 
when the ships returned after such a wind, the new sand- 
banks in the delta were covered with a great abimdance 
of marine shells, which were swept there by the current 
caused by the wind.^ The circumstance appears to ex- 
plain phenomena of some importance in geology. In some 
ancient strata it has been claimed that marine and fresh- 
water shells alternate with each other, and hence it has 
been supposed that, at least in such places, the sea had re- 
tired for a time, while fresh water occupied its place ; after 
which, the sea again resumed its former bed ; and so al- 
ternately, as often as the different kinds of shells were 
repeated. But it appears, from the above statement, that 
the explanation of such appearances is very simple, and 
that it is unnecessary to believe that the ordinary course 
of nature was changed, in order to produce such effects : 
for, at the mouth of the Rhone, a strong south-west wind 
only is required, to occasionally mix the shells of the sea 
with those which are brought down by the fresh water, or 
which live in its current. 

29 
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501 Dilta of the Ganges. — The Changes and the Bur- 

ra:u',KH«;rr tioscouil iroiii Hiinmalaya mountains, the most 

loi;\ ou '.Li irk»l»t\ TliO hiitiT rivtT may be considered as 

a l«r..:.ili ol" ihf I'omior. ami falls into it long before their 

uij.'.t ti waUTs n\^oh ilio soa. The Ganges is discharged 

intii :lif luiv o\ IxMigal. which fonns a vast indenture into 

\hv co\M:A\i\, of more than two hundred miles in length. 

T'l.o J.tl;a of the liang^es commences more than 200 

nr.K > ivov.i \\\o bay of IVngal, in a direct line, and 300, if 

iho i:;>:auoo W oshinaUHl along the windings of the river. 

T\\:\\ \\\r\ o\ :liO delta which borders on the sea, is divided 

bv a v.i!i: n\:ii»bor ol rivers, or creeks, all of which are 

:?al:. exco-f» '.hoso which communicate with the principal 

ariiis of the lianges. This tract is famous under the 

naiiie o\ Sl fait rbu mis. being the common haunt of tigers 

and all-.srators. Its extent, according to the account of 

Ma-or Ixer.nell. is equal to the whole principality of Wales. 

Its b.-so. Ivrder.:".:! on the sea. is about two hundred miles 

m *.t. •.?:•: v.. ai.vi. oi'. tv.v ii side, it is inclosed by an arm of 

the i.i,.r.i:os IVsuios these, ihnnisrh which the water of 

th'.> .•.:;:;io:.se nver is now discharged, there are six other 

£u .\: oiH :r.*..irs :hroi:irh the delta into the sea, each of 

w'.-.':. r...scv:.ie:::ly, .».: some ancient period, been the prln- 

c:v... itvi v'l" \\.t r.viv l^iirii.g the reriiui of overflow, the 

ir:v./.ti \\.\: v: '.l/.s \;-.>: vuiia is euvered with the water 

oiy.'-v r.\i:. so iha: the i Ganges ;ipix\\rs to be flowing into 

a \..>'. '...k'. ::'.>:e.\d of i'.self inuiulating and sweeping a 

w'..v^'.e itrv.'.orv of I'-idia So srrt-al is the quant it v of mud 

avAi s;»-.. l ^svrr.tvt dowr. bv ;!iis iiamense current, at such 

s«\\^o:.s. ;-.-..,i so vas: ::.e i:*.:ar.:;:y of water it discharges, 

ih.i: :i.o vot..:. :> i;-.s^.u".. iv^i bv :: to the distance of sixty 

lui.ts ivo:;i :'s ::a'\;i:. 

.V'-J I >'..:'. is r '■:..:' .:••;' d-.s.'r cn/. — In various parts of 
ih'.s i:ol:a irvtv.i ac».\:i.:v.l:;:io:.s. or islands, are 4bmied in 
tile I o'.a^v o:' a :'-. w vt ..is. a:.-i 'tvriui}.s as SL»on swept away, 
uiii >•.::..'..•. 1" V •. t> f. :...'. 1 ".i. o:':-- r jlaoes. Some of these. 
wL-A-h aiv :>l.-.:.i;> vi ■.:'.. ^ fresl.ets. ^Major Hennell stales, 
are et;ual i\\ r\w\r. :o :::e Isie «..f Wiirht. and thickly iii- 
hL»b'.'.ev.l rV.e ; \ V i '.< are. l.owcvt r. always in daniier of 
bt.i.i:- swo:^'. awav i'V r.oovis uf uncommon heisrht. In 
\^i»o suv'i. a*. iiiMi.datioi: ii-ij^^iiod. the water risiiig six 
^^' ' above- oi\i::'.arv rio^Kis: and oo:.seo.'.ien:lv the irdiabii- 
* "^ "f o: r .if ihese aisinois. ot considerable exti!.:. were. 
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S' their lioraea and cattle, totaliy ingulfed, and perished 
in the water. 

These examples of the effects of running water, in 
changing the surface of ihe globe, are auliicienl for the 
purposes intended. In all parts of the world, such efieclB 
are constantly taking place, to a greater or leas extent. 

Theaggregateaccumulationof solid ground, by the fonn- 
ation and extension of deltas on the surface of the whole 
earth, muat be very considerable during every year ; and 
yet these effects are hardly appreciable in relation to the 
changes ihey produce on the entire surface of the globe. 
It is true, that the course of navigation is in a few io- 
stances obstructed, or changed, by these accumulations; 
but in general the same sea-ports, of which the earliest 
recorda of history give any account, are still accessible. 

593. These acciaauiations of recent origin. — Had these 
ftc cumulations commenced at very remote periods, as some 
have contended, and continued to the preseat time, it is 
quite certain that many lakes now existing would have 
become dry land, and that the deltas of rivers falhng into 
the sea, would have been far more extensive than we find 
they are. All the facts, therefore, which are connected 
with the effects of rivers in the formation of dry land, tend 
to show that the present form of the earth has not existed 
more than a few thousand years, and that it has suffered 
no considerable changes from ruimiog streama, as one of 
the causes now in operation. 



594. Having in the preceding pages given such an ac- 
count of the effects of rivers in fonning solid depositions, 
' as our limits will allow, it is proper here to present the 
, geological student with an accotmt of the estimates and 
I laperiments, which have been made, to ascertain the 
• quantity of sohd matter water is capable of holding in 

BUB pens ion, 
I It is proper, however, that we should also slate, that 

few, if any of these estimates, can be considered as more 
I than approximations to the truth ; still they ore such as are 
quoted by the best writera, and are probably i 



any iu existence at the present day. Major Rennell 
tes that a giaaa of water, taken out of the Ganges dur- 
.Ulg the height of its annual flood, yields about one part in 
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four of mud. " No wonder, then," says he, " that the sub- 
siding waters should quickly form a stratum of earth, or 
that its delta should encroach upon the sea." The same 
writer, who resided many years in the vicinity of the Gan- 
ges, computed with great care the quantity of water which 
that river discharges into the sea, and which by his esti- 
mate amounted, during a year, on an average, to eighty 
thousand cubic feet for every second of time. When the 
river is at its greatest height, during its annual inundation, 
and consequently its motion much accelerated, the quan- 
tity discharged per second, by the same estimate, was/owr 
hundred and five thousand cubic feet, 

595. Quantity of solid matter in the Ganges. — Mr. Lyell 
has made a computation of the quantity of sohd matter 
carried down by the Ganges, taking as his data the ex- 
periment of Major Rennell, and his estimate of the quantity 
of water it discharges. " If it were true," says he, " that 
the Ganges in the flood season contained one part in four 
of mud, we should then be obliged to suppose that there 
passes down every four days a quantity of mud equal in 
volume to the water which is discharged in the course of 
a day, or twentj'-four hours. If the mud be assumed to be 
equal to one half the specific gravity of granite, (it how- 
ever is more,) the weight of matter daily carried down in 
the flood season would be about sixty times the weight of 
the great pyraniiil of Egypt. If the Ganges discharges 
405,000 cubic feet of water per second, which was the 
estimate of Major Rennell, then, in round numbers the 
quantity of mud discharged per second, would be 100,000 
cubic feet, which being multiplied by 86,400, the number 
of seconds in 24 hours, would give 8,640,000,000 cubic 
feet of mud going down the Ganges per day. The weight 
of this (allowing as above) would be equal to that of 
4,320,000,000 cubic feet of granite. Now, about twelve 
and a half cubic feet of granite weigh a ton, but throwing 
out the half, the matter discharged by the Ganges every 
day is 360,0^^00 of tons. This is sixty times the 
weight of the great pyramid of Egypt, which, if solid, is 
computed to weigh 6,000,000 of tons." 

596. Quantity of sediment in the Yellow river. — But 
although the Ganges may be supposed to transport a much 
greater quantity of mud, even according to its size, than 
any other river, still there can be little doubt but Major 
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Rennell very far over-rated the quantity of solid mattej 
waters contained. The Rhine, when most flooded, 
been computed to contain one part of mud in a hundred 6i 
water ; and Sir Greorge Staunton, by several observations, 
calculated that the water of Yellow river, in China, con- 
tained earthy matter in the proportion of one part to two 
hundred. In this proportion he estimated that the waters 
of that river brought down 48,000,000 of cubic feet of 
sohd matter daily. 
^ 597. Average quantity of sediment. — According to the 
calculations of Manfredi, the celebrated Italian hydrogra- 
pher, the average amount of sediment, in all the running 
streams on the globe, is one part in 175. From such data, 
he estimates that it would take a thousand years to raise 
the general bed of the sea a single foot, provided none of 
this sediment was thrown back again upon the shores. 

F»om what has been stated, the reader will observe that, 
although a considerable number of experiments have been 
made on this difficult subject, there remains much more to 
be done, before satisfactory results can be oflfered. It is, 
however, certain, that great quantities of solid matter are 
transported by running streams ; and, with respect to lakes 
and ponds, there can be no doubt but they are gradually 
filling up; and that, if the same causes continue which we 
have described, all these bodies of water will finally be 
replaced by dry land. 

But there can be no possible estimate made of the time 
required for such an event, since the quantity of sohd 
matter which streams transport, must be constantly de- 
creasing, in proportion as lakes and ponds approach the 
level of the country in which they are. In a flat country, 
therefore, a lake may remain for centuries without any 
appreciable elevation of its bottom. 

The great depth of some lakes at the present day, when 
these circumstances are considered, is a good proof of tho 
newness of the present order of things on the earth, and 
consequently of the truth of the Mosaic history of its 
creation. 

598. The level of the sea has not changed. — With respect 
to the level of the sea, it has been shown that no change 
has taken place in the Baltic, and we may also state at 
this place, that it will be seen hereafter, that the remains 
of Roman buildings show that the Mediterranean sea has 

29* 
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not changed its level for the last 2,000 years. We may, 
therefore, conclude, that either the quantity of matter 
carried into the sea, has made no appreciable diffeience 
with its general level, or that as much solid matter is 
thrown on the land at one place, as is carried into it 
in another. 



CHAPTER XXXIX. 

DESTROYING EFFECTS OF THE SEA. 

599. Large rocks moved by the waves. — Mr. Lyell has 
adduced many instances of the power of sea-waves to 
move large masses of sohd rock. In the Shetland isles, 
this effect has been quite surprising. In 1818, during a 
storm, a mass of granite, 9 feet by 6, was thrown by the 
waves up a declivity, to the distance of 150 feet ; and, in 
the winter of 1802, a mass of rock, 8 feet by 7, and 5 feet 
thick, was moved to the distance of 90 feet, by the same 
force. 

The reader, who remembers the inmiense power which 
velocity gives a sea-wave, as above illustrated, will be at 
no loss to comprehend why the strongest ships are some- 
times reduced to fragments in a few minutes ; nor will he 
wonder at the destroying effects which a wide ocean must 
produce on a coast, which is not guarded by a strong 
barrier of solid rocks. 

GOO. Destruction of the village of Mathers. — The village 
of Mathers, on the east coast of Scotland, was destroyed 
by an inroad of the sea, in 1795. This town was guarded 
by a barrier of limestone rock next the shore ; but during a 
storm, the waves of the ocean broke through this barrier, 
and in one night destroyed and swept away the whole 
village. The sea penetrated 150 yards inland, where it 
has maintained its ground ever since. 

601. Eastern coasts of England. — The eastern coasts 
of England are constantly suffering from the inroads of 
the sea. On the old maps of Yorkshire, many spots are 
piarked as the sites of towns, which are now sand-banks 
^ the ocean. A greater or less portion of the coasts of 
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Norfolk and Suffolk, are every year swallowed up by the 
sea. The town of Sherringham, on this coast, exhibits a 
melancholy proof of this fact. With respect to this town, 
Mr. Lyell states, that at one point there is now a depth of 
water, of 25 feet, (sufficient to float a frigate,) where, only 
48 years ago, there stood a cliflf, 50 feet high, with houses 
upon it. Further to the south, are chffs more than 200 
feet high, more or less of which are every year precipitated 
into the ocean, in consequence of being undermined by the 
waves. The whole site of the ancient town of Cromer, 
now forms a part of the bed of the German ocean, the 
inhabitants having gradually pulled down their houses, 
and removed inland, as the sea encroached upon them ; 
and, from their present situation, they are in danger of 
being dislodged by the same cause. From this neighbor- 
hood, in the year 1822, a mass of earth and rocks was 
precipitated into the sea, to the extent of twelve acres, the 
cliffs being 250 feet high ; and on the same coast, three 
ancient villages, several manors, and large portions of a 
number of parishes, have, from the same cause, gradually 
disappeared, and been replaced by the ocean. 

Since the time of Edward the Confessor, as appears by 
the records, the sea-coast town of Dunwich, has lost, in 
succession, a monastery at one time; at another, several 
churches ; at another, 400 houses ; and, subsequently, 
another church ; the town hall and jail, together with 
many other buildings, all precipitated into the sea. 

These are given as specimens of the iLevastating effects 
of the sea in different parts of the world, and by which, 
it appears, that if, on the one hand, large tracts of coast 
are forming, and encroaching upon the ocean in one part of 
the world, as on the coasts of Italy, so, on the other 
hand, the sea is encroaching on the land in other parts, 
probably to an equal extent. 

602. On the coast of Holland. — In many instances, 
inundations from the sea have been the means of effecting 
not only great changes in the surface of the earth, in a 
short period of lime, but also of destro3ring vast numbers 
of human beings. On the coast of Holland, these disas- 
ters have been pecuUarly destructive, as well as on the 
coast opposite. 

A considerable peninsula, which lay between Groningen 
and East Friesland, and was thickly inhabited, was partly 
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overwhelmed in 1277, and a considerable portion of the 
land carried awa^', with manj'' houses and inhabitants. 
Duriii'j the fifteenth century, other portions were destroyed 
by tlu.' same cause, and a part of the town of Forum, a 
plac«? of consiilcrable size, was swept aw^ay. In 1507, not 
only the remiiinjler of Forum was ingulfed, in spite of the 
erection of dams, but also several market-towns, villages 
and monasteries, were entirely destroyed, together with 
their inhabitants. 

G03. Formation of Northstrand — Further to the north, 
anciently, lay the district of North Fricsland. This was 
a peiiiiisulii : but in 1240, the sea destroyed the land next 
tlio cuiitot. iiiiJ thus furnu^d an island, called Northstrand. 
This island was oriffinallv of considerable extent, but the 
sea, from time to time, swept away small portions of it, 
until the inhabitants became so concentrated, that when 
the island was only four geographical miles in circum- 
ference, their number was still 9.000. At last, on the 
night of the lllh of October, 1634, a flood from the sea 
sw<*pt over the whole island, and dcstroj'ed at once a great 
proportion of the inhabitants, all the houses, churches and 
cattle, carrying awaj* even the land that had sustained 
ihciii. By this drcailful caLimity, there was swept away 
l.oDO houses, with all the churches, 50,000 head of caule, 
an<l more than 0.000 people. 

Wc might continue these accoimts, with regard to the 
chaiiircs which have taken place on the same coasts, to 
great length ; but our design being chiefly to give exam- 
ples, rather than general details, we will here conclude 
this [)art of our subject. 



CHAPTER XL. 

FORMATION OF CORAL ISLANDS. 

604. It is but recently that any obser^'ations, tending to 
interest or infonn the naturalist, have been made on the pro- 
duction of the Coral idanils. But the great extent to which 
these islands have been formed, together with the rapidity 



I with which it is said they are increafiiDg,givesthe subject 
a. high degree of interest, not only in respect to the geoto- 

■ gical changes thus produced, but also with reganl to the 

i interests of commerce, which these changes are producing. 
For it is aaid that many straits and seas, especially in the 

I Pacific ocean, which were formerly, and in the memory 
of man, safe for the passage of the largest ships, have now 
become dangerous, or even impassable, for vessels of n 
moderate size. 

} 605, Coral polypi, of animalcules — In a popular view, the 
coral may be considered a calcareous structure, inhabited 
by numerous sraall animals, or polypi, each coraline form 

' possessing, or having been constructed by, its own peculiar 

' Bpeciea, 

These animalcules form the order Coraliferi, of the 
class PoLvri, in Cuvier's Animal Kingdom. They are 
a singular and very curious tribe of beings, many of which 

' ere too minute to be seen without the microscope. 

The Corahferi constitute that nmnerous suite of species 
which were foraaerly considered as marine plants; and of 
which the individual^ are, in fact, united in |^at numbers 
to constitute compound animals, mostly fiKed like plants, 
either forming a stem, or simple expansion, by means of 
a solid internal substance. The individual animals are 
all comiecled by a corumon body, and are nourished in 
imon, BO that what is eaten by one, goes to the nourish- 
It of the general body of all the other polypi. — Cuvier. 



Prig. 1, 




606. Organization of the polypi.— U we examine the 
little patches of while calcareous matter, called fiustra, 
that maybe seen on every sea-weed or aheU,'^'iWei'o:%(sv 
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the sea-shore, by means of a microecope, we shall find 
that these mere specks, now appearing like dehcate lace- 
work, are, in truth, members of the animal kingdom. This 
flustra will be found full of little elevated pores, Lign. IIO^ 
Fig. 1, each containing one or more animals, which, while 
under the water, will protrude manj tentacula, or feelers, 
having motion in all directions, Fig. 2. These animals 
belong to the same tribe, and are, in fact, members of the 
same family with the numerous species, by whose secre- 
toiy powers, vast mountains of calcareous matter, in the 
forms of corals, are produced. 

The substances called corals^ are animal secretions, 
formed by the action of minute vessels, like the bones, 
hoofs, and nails of mammiferous animals, and without the 
design or knowledge of the polypi. {See p. 91.) 

There are a great number of species belonging to this 
family, diflfering in size and form, all of them small, but 
some of them sufficiently large to be seen and examined 
by the nakeil eye. 

GOT. Red Coral, ( Corallium rubrum,) — This is a different 
genus from those which form the coarse white kinds. The 
red coral is a branched zoophyte, somewhat resembling, in 
miniature, a tree deprived of its leaves and twigs. It seldom 
exceeds one foot in height, and is attached to the rocks by 
a broad expansion. It consists of a brilliant red, stony 
axis, invested with a fleshy, or gelatinous substance, of a 
pale blue color, which is studded over with stellate polypi 
This species, it is well known, is so dense and compact, 
as to bear a high polish, and when prepared, is highly 
esteemed as a female ornament. It is obtained by dredg- 
ing, in different parts of the Mediterranean and the Eastern 
seas. It varies much in the hue of its colors, according 
to its depth in the sea; in shallow water, it is of a deep 
and beautiful red, a free admission of light appearing neces- 
sary to produce the deepest tinge. It is of slow growth, 
eight or ten years being necessary for it to reach full matu- 
rity. It then ceases to grow, and is soon attacked by 
insects, which pierce it in all directions ; when it becomes 
detached from the rock, and is thrown on shore, where it 
soon fades, and is reduced to fragments. 

608. Appearance of living corals. — In some oceans, near 
the shore, the eye perceives nothing but a bright sandy 
plain at the bottom, extending perhaps hundreds of miles. 



FORBfATlON OF CORAL ISLANDS. 347 

But in the Red sea, the whole bed of this extensive basin 
of water, is absolutely a forest of submarine plants and 
corals. Here are sponges, gorgonias, madrepores, and 
other polyparia, with flags, fuci, and other marine vegeta- 
tion, covering every part of the bottom, and presenting the 
spectacle of a submarine garden, of exquisite verdure, en- 
amelled with animal forms, resembling, and even surpass- 
ing, in splendid and gorgeous coloring, the most celebrated 
parterres of the East. — Wonders of Geology. 

Ehrenberg, the Grerman naturalist, whose labors have 
so greatly advanced our knowledge of the infusoria, was 
so struck with the magnificent spectacle presented by the 
living corals in this sea, that he exclaimed with enthusi- 
asm, " Where is the paradise of flowers that can rival the 
living wonders of the ocean !" 

609. Coral reef of Loo Choo. — Capt. Basil Hall gives 
the following graphic description of a coral reef near the 
island of Loo Choo, on the coast of China : 

" When the tide has left the rock for some time dry, it 
appears to be a compact ma^s, exceedingly hard and rag- 
ged ; but as the water rises, and the waves begin to wash 
over it, the polypi protrude themselves from holes, which 
were before invisible. The animals are of a great variety 
of shapes and sizes, and in such prodigious numbers, that 
in a short time the whole surface of the rock appears to 
be alive, and in motion. The most common form is that 
of a star, with arms, or tentacula, which are moved about 
with a rapid motion, in all directions, probably to catch 
food. Others are so sluggish, that they may be mistaken 
for pieces of the rock, and are generally of a dark color. 
Where the coral is broken about high-water mark, it is a 
solid, hard stone ; but if any part of it be detached at a 
spot which the tide reaches every day, it is found to be full 
of polypi, of different lengths and colors ; some being as fine 
as a thread, sometimes of a bright yellow, and then again 
of a blue color. The growth of the coral appears to cease 
when the worm is no longer washed by the sea. Thus, 
a reef rises in the form of a cauliflower, till the top has 
gained the level of the highest tides, above which the 
animalcules have no power to advance, and the reef, of 
course, no longer extends upwards." 

610. Formation of Coral islands. — From the naviga- 
tors Kotzebue, Flindens, M. M. Ctuoi, and Qainuunl^vho 
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have each written an account of those islands in the Pa- 
cific ocean, the following summary has been made: 

The coral banks are every where seen, in different 
stages of progress ; some are become islands, but are not 
yet habitable ; others are above high-water mark, but des- 
titute of vegetation; while many are overflowed with 
every returning tide. When the polypi of the corals at 
the bottom of the ocean cease to live, their skeletons still 
adhere to each other ; and the interstices being gradually 
filled up with sand and broken pieces of corals and shells, 
washed in by the sea, a mass of rock is at length formed. 
Future races of these animalcules spread out, and extend 
the solid matter on all sides, having, in their turn, increased 
and elevated this wonderful monument of their existence. 

611. Reefs usually of a circular form. — The reefs which 
have been raised above the level of the sea, are always 
observed to be of a circular, or oval form often surrounded 
by a deep, and sometimes an unfathomable ocean. In the 
center of each of these, is generally a shallow lagoon, or 
basin, the rim of which being above the waves, the water 
within is still ; and in this, it is said, the smaller and more 
delicate species of polypi, find a tranquil abode, and there 
continue their work ; while the stronger tribes live on the 
outer margin of the rim, where the waves dash over them. 
When the reef is dry, at low water, the animals cease to 
increase ; and there is seen a mass of solid stone, composed 
of shells, echini, and sand, with fragments of coral, ce- 
mented together by calcareous matter, forming a durable 
barrier against the fury of the waves. Fragments of coral 
rocks are then thrown up by the water, which, when dry, 
fall in pieces by the heat of the sun, and remain on the 
reef in the form of sand. The island is now above the 
reach of the water, except. during storms, when the waves 
are uncommonly high ; and at such times, there is usually 
an increase of the elevation, by the deposition of coarse 
materials. 

612. Growth of vegetables on the island. — The island 
thus formed, being above the water, is now supposed to be 
undisturbed by its waves, and offers to the seeds of the 
cocoanut, and other tropical plants, floating on the water, 
Q" soilj in which they take root, and rapidly increase. 
I'hese, as they decay, together with sea-weeds, and j)er- 
haps floating trees cast upon the island, form a vegetable 
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soil, which is constanlly iiicreaaing by the decay of its 
own productB; and ihua, in process of lime, a residence is 
A both for man and beast. 




Such an island, with its Lagoon in the ccDtre, suirouoded 
by trees, is repreaeuied by Lign. 1 1 1. 

In this manner, to all appearance, the Polynesian Ar- 
chipelago has been formed. The foundations of the 
islands are probably the coneii, of crutew, of submarine 
volcanoes. 

613. Extent of coral reefs. — The grand scale on which 
these minute beings are effecting changes in Tarions parts 
of the world, may be imagined from the facts stated by 
navigators, that in the Indian ocean, to the north of Mala- 
bar, there is a chain of coral reefs, nearly 500 geograph 
ical miles in length ; on the coast of New Holland, is an 
unbroken line of the same, nearfy 400 miles long; and 
that between this and New Guinea, another coral forma- 
tion exists, 700 miles in extent. Beaides these, the Disap- 
pointment island, and EXifTa group, are connecled by coral 
reefs, 600 miles long, and over which the natives can travel 
from one island to the other. 

614. Elevation of coral islamls. — Many of these islands 
are only a few feet above high-water mark; but it is 
apparent that the mode of formation, already described. 
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would require long periods of time, to elevate them to any 
considerable height. Indeed, it is hardly probable that 
parts near the shores would ever acquire any additional 
elevation by ordinary means, since occasional high tides 
would carry away the vegetable matter deposited there. 
But as some of these islands are far above the level of the 
sea, we must look for some other causes of elevation be- 
sides the waters of the ocean and the decay of vegeta- 
tion. Tongabatoo is ten feet above high water, at the 
water*s edge ; and even this is higher than can be ac- 
counted for, from the causes described. But this is a 
sUght elevation, when compared with some others ; for one 
of the Tonga islands, though entirely formed of coral, is, 
in some parts, more than 300 feet high. It is hsirdly 
necessary to remark that this elevation cannot be ac- 
counted for by the formation of soil, nor the sinking of the 
ocean; since, in the latter case, all the other islands in 
the vicinity, would be found at a feimilar height; and 
besides, it is well known that the level of the sea has not 
materially changed during the last 2,000 years. We 
must, therefore, attribute the elevation of these islands to 
volcanic causes, acting beneath them. One of these 
islands, indeed, contains a volcano always in action. 



PART VI. 

GEOLOGICAL MISCELLANY. 
CHAPTER XLI. 

THE DELUGE. 

615. Epoch of the Deluge. — The period of the general 
deluge, the circumstances of which are contained in the 
sacred Scriptures, is fixed by chronological writers at the 
year 1656 after the creation, corresponding to the year 
2,348 before the Christian era. These two make the 
period of the creation, 4,004 years B. C. According to 
Blair's Chronology, on the 10th day of the second month, 
which was on Sunday, Nov. 30th, B. C. 2,347, God com- 
manded Noah and his family to enter the ark ; and on the 
next Sunday, Dec. 7th, it began to rain, and continued to 
rain 40 days ; after which, the deluge prevailed 110 days, 
making its continuance 150 days from the beginning. On 
Wednesday, May 6, 2,348 B. C., the ark rested on Moiml 
Ararat. The tops of the mountains became visible on 
Sunday, July 19th, and on Friday, Nov. 18th, Noah, and 
all they that were with him, went forth from the ark. 

Without reference to the sacred Scriptures, we never 
could have known the time when this great flood hap- 
pened, though the fact itself is still capable of the strong- 
est proof, from the geological indications existing on the 
earth's surface. 

616. Cuvier^s opinion. — Baron Cuvier, after having spent 
a great portion of a long life in investigating the natural 
history of the globe, and its geologicaljphenomena, comes 
to the following conclusions on the subject of the universal 
deluge : " I concur," says he, " with the opinions of M. M. 
De Luc and Dolimieu, that, if there be any thing deter- 
mined in geology, it is, that the surface of our globe has 
been subject to a vast and sudden revolution, not longer 
ago than five or six thouscuid years ; that this revolution 
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hns buried, and caused to disappear, the countiy formerly 
inhabit tnl by man, and the species of animals now most 
known : that, on the contrary, it has left the bottom of the 
fonnor soa dn% and lias formed on it the countries now in- 
habited : that since this revolution, those few individuals 
whom it s^vircd. have propagated, and spread over the 
lanils newly left dry ; and consequently, it is only since this 
eiHK'l). that our societies have assumed a progressive 
mareh : have fonnetl establishments, raised monuments, 
and conUnnl^l scientific sj'stems." — Rev. Globe, 180. 

(U7. Presrnt indication of the Deluge. — The effects of 
this gnmd cataclysm arc still to be traced in eveiy countiy, 
and in nearly eveiy district, to this day. Vast accumu- 
lations o( nnuultHl. or water-woni pebbles, huge blocks of 
granite, and immense beds of sand and gmvel, are found 
in places when* no causes, now in operation, or any which 
have hapivneil since the era of profane history, could have 
placed thein: and still, that these materials have been 
moved, is evident from the circumstances, or the places 
where thev are now found. 

r>l8. Dr. Ihirklantrs opinion. — **In the whole course of 
my p\>loirical tnwels.'' says Rev. Dr. Buckland, ''from 
Cornwall to Caithness, from Calais to the Carpathians; 
in hvlaiiil. in Italy, 1 have scarcely ever gone a mile with- 
out iintlmi:: a jH^r^n^tual succession of deposits of gravel, 
sand, or loam, in situations that cannot be referred to the 
action ot" nnxlcni tonvnts. rivers, or lakes, or any other ex- 
isting causes. And with respect to the still more striking 
diluvial phenomena of dritie<l masses of rock, the greater 
\v\r\ ot'the northeni hemisphere, from Moscow to the Mis- 
sissippi, is «lt*scrilH\i by various geological travelers, as 
strewevl on its hills, as well as its valleys, with blocks of 
gmnite. and other nx'ks of enonnous magnitude, which 
have Uvn liritteil, most I v in the direction from north to 
south, a distance, sometimes, of many hundred miles from 
their native beds, across mountains, valleys, lakes, and 
seas, by a force of water, which must have possessed a 
velocitv to which nothinar that wcurs in the actual state 
of the glolv. altbnls the slightest parallel.'' 

//(»jr it is knoirn that rocks have been transported. — If it 
he inquired, how it can be ascertained that blocks of 
granite, or other boulders, have been transported from a 
disiiince. and that they do not belong to disrupted moun- 
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tains in the vicinity of the places where they are found ; 
it is answered that there is a peculiarity in the texture, 
color, or appearance of the rocks comiwsing every forma- 
tion, or range of mountains, by which the eye of an ex- 
perienced mineralogist can distinguish one from the other. 
As examples, the calcareous rock of Gibraltar, and the 
iron ore of Elba, specimens of which are in every collec- 
tion, are readily known, even by the most common obsen'or, 
from all other minerals. AVith the eye of the mineralo- 
gist, and the analysis of the chemist, therefore, no diffi- 
culty occurs in identifying, with certainty, any specimen, 
with the rock to which it belonged. 

6 19. Glacial Theory. — It is. however, proper to state here, 
in respect to the transportation of rocks, across " valleys, 
lakes, and seas," as above described by Dr. Buckland, that 
since that was written, geology has made great advances, 
and that the theory of the glaciers will much more satis- 
factorily account for the transfer of boulders across valleys, 
in some situations, than the former ailuvial theory. The 
glacial theory, however, does not at all interfere with the 
diluvial, in accounting for the mounds of sand, stones, 
and earth accumulated in level comitries. Those spoon- 
shaped hills, composed of sand and gravel, and rising to 
the height of 50 or 100 feet, with valleys between them, 
running nearly north and south, as seen in various parts of 
our country, and especially in Massachusetts and Con- 
necticut, are most clearly the effects of an ancient current 
of water, running from the north-east towards the south- 
west. Whoever will notice the perfect conformity of such 
gentle hills, or mounds and valleys, as they occur almost 
every where between the higher lands and plains made by 
rivers in New-England, cannot but be struck with the 
truth of the diluvial theory ; for, on no other supposition 
than that of a vast body of water, passing with great 
velocity over the country, can these appearances be ac- 
counted for. 

620. The glacial^ or ice theory, will not account for suck 
appearances. — The glacial theory (to be explained) ac- 
counts very satisfactorily for accumulations of angular 
rocks existing in valleys, especially in the neighborhood 
of high mountains, forming what are termed moraines. 
These accumulations, it is true, often contain sand and 
gravel, with the fragments of rocks ; but elevations formed 

30* 
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by such materials, differ entirely, in appearance, from the 
smooth, rounded, spoon-like forms which are attributable to 
diluvial causes. 

6*21. Power of voater to transport rocks. — In estimating 
the power of water to transport solid matter, it must not 
be forgotten that a solid, when immersed in a fluid, becomes 
lighter by the weight of the fluid which it displaces, and 
that the solid displaces its own bulk of the fluid. — {See 
552.) 

622. De la Beche on Diluvial fiction. — Mr. De la Beche, 
in his " Greological Manual," under the head of Erratic 
Block Group., remarks : " that the fonn of the valleys in 
Plymouth are gentle and rounded, and such as no com- 
plication of meteoric causes, that ingenuity can imagine, 
seems capable of producing ; that numerous valleys occur 
on the line of the faults ; and that the detritus (broken 
rocks) is dispersed in a way that cannot be accounted for 
by the present action of mere atmospheric waters. I will 
more particularly remark, that on great Haldon hill, about 
900 feet above the sea, pieces of rock, which must have 
been derived from levels not greater than 700 or 800 feet, 
and even less, occur in the superficial gravel. They cer- 
tainly are rare, but may be discovered by diUgent search. 
I there found pieces of red sandstone, porphyry, and a 
compact silicious rock, not uncommon in the gray wake of 
the vicinity, where all the rocks occur at a lower level 
than the summit of Haldon hill, and where certainly they 
could not have been carried by rains, or rivers, unless the 
latter be supposed to delight in running up hill." 

623. Similar phenomena occur in this country. — In this 
country similar phenomena, almost every where, present 
themselves to the eye of the geologist. Beds of pebbles 
and stones, of various sizes, including boulders weighing 
many tons, with their angles slightly abraded, all of them 
evidently transported, often from places unknown, are found 
partly buried in the earth, in places where no causes now 
in operation could possibly have placed them. Such evi- 
dences of an ancient flood, are to be seen in nearly every 
part of our country, and especially in the Eastern states. 

624. Boulders in East Lyme. — In some instances, these 
transported blocks of granite are of great size. In East 
Lyme, Ct., near the road leading from New London to 
Saybrook, at a location called Keeney's hill, there is a 



huge boulder of granite, weighing nearly 400 lona. Any 
I person, after a moment's reflection, wouM conclude that 
ihis rock must have been traueponed from some other 
place ; for its present situation is on an open field, near the 
summit of a conaiderahle hill, there hetng no other rocks, 
of any kind, on the surface in the vicinity. On eKarain- 
ing the neighborhood, however, the inquirer will s 
that it came from a granite bill, of small elevation, situated 
at ihe north-east of its present position, at the distai 
about two miles, where other rocks remain, of the s 
texture nnd appearance. 
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625. Rocking-slone al East Lyme. — On the opposite 
hill, a mile from this boulder, lies another, perched on the 
highest aiimmit of a granitic crest, and serving aa a land- 
mark, for many miles, in all directions. This is within 
inO rods of tide-walcr, and several of its fellows appear 
lo have fallen down the side of the steep hill, in that 
direction. This ia, also, of granite ; and, resting only on a 
few inches of its base, on a rounded granitic foundation, 
it requires no great force to set it in motion. Its weight 
is between 80 and 40 ions, and its form and appearance is 
represented by Lign. 112, 

626. fjiferenees. — In the above instances, which are 
onl^ cited as examples of hundreds of others of the same 
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character, to be found almost every where, in unevoi 
districts of country, no ingenuity, we think, can suggest 
the means by which they were moved to their present 
situations, except that of an overwhelming, deep, and 
rapid current of water ; and, as indicated by the laigest 
boulder, this stream must have run from the north-east 
towards the south-west. The theory that they were 
transported by a glacier, can have no foimdation in truth; 
since this would involve the supposition, that a mountain, 
higher than the place where the erratic rocks are found, 
is somewhere in the neighborhood ; while, in the present 
case, these rocks are situated, one of them, at least, on the 
most elevated hills in the vicinity. 

G27. Diluvial valley between these rocks. — That the 
valley between these boulders was formed by the action 
of water, at some remote period, no one, it is believed, 
could doubt, after having examined this locality. The 
two hills on which they rest, are of solid granite, about 
one mile apart, and from 75 to 100 feet high. The crests 
of those have been denuded, leaving the naked rocks, at 
various points, above the present earth. The earth 
appears to have been swept from the north towards the 
south ; but being interrupted by the projecting rocks, has 
formed ridges, or gentle slopes towards the north ; but the 
water, pouring over the southern declivities, has removed 
the loose materials from their bases, thus leaving steep 
precipices in that direction. A miniature imitation of this 
principle may be seen, by casting a pebble into a running 
stream, and stirring the sand above it, when it will be 
found that a hill will be formed above the pebble, extend- 
ing up stream, and ending even with the upper surface of 
the stone, while below it, there will remain a little preci- 
pice down to the base of the pebble, the water having 
earned away the sand in that direction. If two pebbles 
be thrown in, two little hills, with mural precipices, and a 
valley between them, will be the result. 

JBut, to return to the case wc have thus attempted to 
illustrate : the valley between the two hills contains no 
granitic barrier, by which the moving sand and rocks were 
interrupted, as the water containing them moved along, 
and thus the loose materials were scooped out, and trans- 
ported into the sea, which is not far distant. This is only 
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offered as an illustration, or example of phenomena, to be 
seen almost every where. 

628. Inferences. — Now, as all geologists agree that the 
present surface of the earth has been greatly, and very 
materially changed, by the influence of water, at some 
imknown, and apparently, remote period ; and as the 
Mosaic history furnishes us with a circumstantial account 
of a general deluge, which probably swept over a large 
portion, if not the whole earth, it is, we cannot but con- 
clude, a fair inference, that this was the means by which 
such changes were produced. It is true, as some writers 
have stated, as an objection to a general deluge, that 
though the bones of many animals have been discovered, 
whose destruction has been attributed to that catastrophe, 
yet no examples of human beings have been found with 
them, or, indeed, in any situations which could be satisfac- 
torily traced to the deluge, as the cause of their destruc- 
tion. We have no doubt but the bones of animals, found 
in stratified rocks, were more ancient than the Noachian 
deluge, and that they lived and died, long before the 
creation of man. But that the remains of such human 
beings as were destroyed by that cataclysm, should not 
have been discovered, is certainly no more extraordinary, 
than that we should not find a single vestige of the 
millions who have perished in the sea, from the period of 
the naval actions of the Romans, and of other ancient 
nations, down to the present time. If it is agreed that all 
the people of the earth, except a single family, were swept 
into the sea, or otherwise perished in the water, we 
cannot suppose that their numbers, at that period, amount- 
ed to a hundredth part of the number which have since 
perished by the same means. Still, of all the latter, 
except in the floating, or recent state, no examples have 
been recorded. The fact, therefore, that no antediluvian 
human bones have been found, is certainly no stronger 
proof against a general destruction by the flood, than is 
the same fact a proof that the Romans and others did not 
perish by thousands, in their naval engagements. The 
not finding of bodies, it is true, is a negative fact ; but we 
do not see why it does not equally prove that there was 
no deluge, and no naval engagements among the Romans. 
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CHAPTER XLII. 

COAL; 

ITS GEOLOGICAL SITUATION. OB.IGIN, AND VAKICTIKI. 

Importance of the subject. — There is no subject, within 
the range of geology, of more importance, than the natuial 
histor}' of coal; since the inhabitants of many countries axe 
almost entirely dependent on its existence and quantity, 
for the enjoyments, and even comforts of life. 

OKIGIN OF GOAL. 

We have already stated (15) that the geological 
writers of the present day, agree that all the varieties of 
fossil coal are of vegetable origin, and have also referred 
to some of the experiments by which this opinion has 
been confirmed, (21.) 

0-29. How coal-beds are formed. — ^But though the vegeta- 
ble origin of coal is satisfactorily established, there is still 
much difficulty in conceixing by what process, or repetition 
of processes, so many beds and seams of this substance 
have been regularly- arranged over each other in the same 
place, each being separated by strata of sandstone, shale, 
or indurated clay. It will, perhaps, tend to simphfy this 
inquiry, if we examine a single coal-field, of very limited 
extent, such as those which occur in small coal-basins, 
called by the miners swillege^ and which are often not 
more than a mile in extent. 

630. These basins once small lakes. — It seems evident 
that these basins were once lakes, and that the strata 
have been deposited on the bottoms and sides, taking the 
concave fonn, which form depositions in still water at first 
must assume, under such circumstances. But it appears, 
the largest quantity of original matter, at least in some 
cases, floated into the deepest water ; for it is remarkable, 
that the stratum of coal, which in one of these basins is a 
yard thick, in the lowest part, gradually diminishes as it 
approaches the edges, and then entirely ceases. This 
fact proves that the present concave shape of this coal- 
bed, is the original one in which it was formed, and that 
the basin in which the materials, now turned to coal, were 
deposited, was a detached ldke^».ud\\ot an arm of the sea. 
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631. Coal strata formed in water. — It seems from the 
above, as well as from other geological facts, that coal 
strata were formed in the water, and no doubt the materials 
were accumulated by freshets or floods ; but whether the 
place of deposit was in fresh or salt water, it is not always 
easy to determine. The shells found in coal-beds, accord- 
ing to Mr. Conybeare, are, at least sometimes, those of 
marine origin ; but, on the other hand, the vegetable 
remains found in the same strata, are clearly those of the 
land, with no mixture of those of the sea. But there is 
sometimes much difficulty in distinguishing fresh-water 
and land, from marine shells, especially where no recent 
examples are known, with which to compare them. 

632. Knoum marine shells found in coal strata. — It would 
appear from the account of Dr. Hildreth, of Ohio, that the 
coal-beds on the Muskingum river , in that state, have 
either been formed in the ocean, or that, since their forma- 
tion, they have been submerged by salt water. "The 
lime rocks here," says he, " abound with marine shells of 
the genera Producta, Terebratula, and Spirifira, with 
Ammonites, and other chambered shells, indicating that 
some of the coal deposits have been deeply submerged 
xmder salt water, since their formation ; or that the vege- 
table materials, composing the coal, had once floated in an 
ocean, and were precipitated by an accumulation of cal- 
careous, argillaceous, and sedimentary materials, collected 
on, or about them, while floating." 

" Marine fossils," continues the author, " are found both 
above and below the coal, and sometimes deposits, contain- 
ing fresh- water shells, are intermixed, although they are 
not so common as they are nearer the Ohio river. Some 
of these fresh-water fossils bear a striking resemblance to 
living species now found in our rivers." — Sill. Journal. 

633. Quantity of vegetables required to form coal. — It is 
not difficult to conceive that the earth might have pro- 
duced a quantity of vegetation, even within the circuit of 
a few miles, sufficient to form a thick stratum of coal, 
though the thickness of this might bear a fractional 
proportion to that of the wood. Those who have seen 
the pine forests of our western country, can, perhaps, have 
some conception of the vast pile, which a single square 
mile of these trees would form, if thrown together. Now, 
if hundreds of square miles of such timber were accumu.- 
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lated in a lake, we might imagine that there would be a 
quantity sufficient to form, at least, one thick bed of a 
large coal-field. 

634. Drift-wood of the Mississippi. — The quantity of 
drift-wood which descends the Mississippi, in the course 
of a few years, might be supposed to furnish ample matter 
for an extensive coal-bed. According to the estimates of 
Mr. Bringier, the quantity of floating timber which came 
down that river during a freshet, in 1812, amounted, for a 
considerable time, to 8,000 cubic feet per minute. The 
same writer states that the raft thus collected at the 
mouth of Red river, one of the tributaries of the Missis- 
sippi is 60 miles long, and in many parts 15 miles wide. 
Now, in case the bed of this river should, at some future 
time, be changed, so as to leave this immense raft covered 
with earth, which is by no means impossible, generations 
to come might here find an extensive coal-field. 

635. Ages of coal formations. — There is no doubt but 
all the regular coal formations were deposited before the 
general deluge, or at that period when the temperature of 
the earth appears, by the remains of plants still found, to 
have been much higher than at present ; and therefore, 
when all vegetables not only attained a greater size, but 
grew much more rapidly than they do in temperate cli- 
mates. Hence, we may suppose that wintry torrents, or 
occasional inundations, denuded the earth of her vege- 
tation to a great extent, and swept it into lakes or 
estuaries, in which case, it might well be imagined, that 
in such a climate, the earth would soon again be prepared 
with her vegetation for a similar sweep, and thus one 
stratum of coal after another would be formed. 

During the intervals of these inundations, the operation 
of ordinary causes, as the flowing of rivers into these lakes, 
might bring down from the mountains the materials which 
have formed the clay and sandstone, now interjwsed be- 
tween the beds of coal, in a similar manner to that now 
taking place at the mouth of the Mississippi, or that of 
other rivers. 

FORM OF CUAL-B£DS. 

636. Mr. BakewelPs comparison. — Mr. Bakewell com- 
pares the shape of a coal-bed to that of a series of muscle- 
flhells. " The posiliou of coal strata, in many fields, may 



resented by a series of fresh-waler muscle-shellfl, 
decreaaing in size, Inid within each other, but separated 
by a thin layer of clay. If one side of the ahell he raised, 
it will represent the general riae of the strata in that 
direction ; and, if the whole series be dislocated by partial 
cracks, raising one part a little, and depressing' the other, 
to represent faults (389) in the coal, it will give a better 
idea of a coal-field than any descriptioii can convey," 

" We are here to suppose that each shell represents a 
Btratiim of coal, and the panitions of clay the earthy 
strata by which ihey are separated. The outer or lower 
shell, represents the lowest bed of coal, which may be 
many miles in extent. Now, if a much larger shell be 
filled with sand, and the lower shell pressed into it, we 
may consider the large shell to represent limeslonei and 
the sand, grit-stone ; we shall have a model of the coal 
Btralft in many parts of England, and their situation over 
the metalliferous lime, wiih the beds of sandstone by 
which they are separated from it." — Geology, p. 117. 



637. In most instancea, the inclination, or bending of 
coal strata, is auch that the veins riae nearly to the sur- 
face, and would be visible, were they not covered by soil or 
graveL When this ia the case, the removal of the soil bj 
rivulets, or the accidental sHde of a side-hill, will sometimes 
uncover the strata, so that their dip and thickness can be 
determined. This is a very fortunate circumstance, be- 
cause the boring for coal, without some such indications 
that it exists, in greater or leas quanlities, even in oo«J 
districts, is a very uncertain means of its discovery. 




SEARCHlHa FOR COAI.. 

n made in the immeiliate vicinity of large coal-fields, 
-without producing any greater coaviction of the exifiteoce 
of the mineral, than the surface before indicated. The 
cause of this will be seen hy Lign. 1 13, where, suppose 1 
is a coal-vein, and '2 a stratum of sandstone, below which 
ie limeBtOQe, and that the basin is tilled to the etirface with 
slate and clay. Now, on boring al 2, it is evident that 
nothing but lime and sandstone would be found, though 
it might be within a few feot of the coal-vein ; while, had 
the examination happened to have been made at 1, coal 
would have been found within a few feet of the surface, 

630, The dip and direction of the strata^ to be obieroed. — 
In examinations for coal, the dip and direction of the 
strata in the vicinity, should be carefully observed; for if 
the dip is towards the estate on which the search is to be 
made, it is probable that the coal may extend under it ; but 
if the dip is in the contrary direction, the search ought not 
to be made, since experience has shown that it would be 



The reason of this will be unaeialuod by iyfn. 114, 
where 1, 2, 3, 4, are a series of coal strata, dipping towarda 
h. The unconformable strata, c e, are sandstone, lying over 
the coal. Now, suppose the coal-vein, 4, makes an out- 
crop (384) at that point, on the estate of A, adjoining the 
estate of B, which lies lowards A, then it appeara that A 
would find only a part of the vein, 4, on his estate; and 
that it would be useless to search in the direction of ^ for : 
cool, since the dip (383) of 4, is sufficient to prove that 
none exists there, unless indeed another coal-field should 
be found. Whereas, on the eatate of B, though there 
might not exist an outcrop, suU, the dip of that on the 
estate of A, would make it highly probable that B would 
find coal on his estate, though it might be too deep for 
working. 
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ANTHRACITE. 



-« the Greek, and merely signifies 
•1 in England, and is there 
uoal ; and in Scotland, it is 
country, where it is found at 
quantities, it is distinguished by 
jes whence it comes: as, Lehigh, 
and Peach-orchard coal, 
been found only in small quantities in 
jpe ; but in this country, it forms the most 
i-fields known, and it now supersedes the 
ji as fuel, for culinary purposes, as well as for 
and steamboats, in every part of the country, bor- 
on the Atlantic. In the Western states, where 
jiinous coal chiefly prevails, this is employed instead 
. the anthracite. 
Anthracite is distinguished from bituminous coal, by its 
greater weight and lustre ; by its hardness and conchoidal 
fracture, and its burning without smoke, or blaze, or bitu- 
minous odors. Its odor is sulphureous. 



AMERICAN COAL-FIELDS. 



641. Mr. LyelVs account of American coal-fields. — Mr. 
Lyell, the distmguished English geologist, in his recent 
travels through the United States, records his astonish- 
ment at the vast extent of our coal measures. "The an- 
thracite coal measures, occurring in the eastern, or most 
disturbed part of the Appalachian chain, are fragments or 
outliers of the great continuous coal-field of Pennsylvania, 
Virginia, and Ohio, which occurs about 40 miles to the 
westwaid. This coal-field is remarkable for its vast area; 
for it is described by Prof H. D. Rogers, as extending con- 
tinuously, from north-east to south-west, for the distance 
of 720 miles, its greatest width being about 180 miles. 
On moderate estimate, its superficial area amounts to 63,000 
square miles. It extends from the northern borders of Penn- 
sylvania, as far south as near Huntsvillc, in Alabama. 

" This coal formation, before its original limits were 
reduced by denudation, (399,) must have been, at a reason- 
able calculation, 900 miles in length, and in some places, 
more than 200 miles in breadth." 

642. Chemical analysis of anthracite. — Prof Rogers has 
shown, by analysis, that this coal is most bituminous to- 
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il, where it remains level and un- 
broken ; and that it progTfiBsively loses its bitumen to- 
wards the south-east, where the strata are bent ftiid dia- 
torted, Thus, on the Ohio, the proportion of hydrogen, 
oxygen, and other volatile matters, rtmges from 40 lo 50 
percent. Eastward of this tine, on the Monongahelo, it 
still approaches 40 per cent., where tbe strata begin toes- 
perience some gentle flexures. On entering the AJIegaiiy 
mountains, where the strata is disturbed, but before ibe 
dislocations are considerable, the volatile matter is in the 
proportion of 18 or 20 percent. At length, when we 
arrive at some insulated coal-fields, associated with the 
boldest flexures of the Appalachian chain, where the 
strata have been actually turned over, as near Potlaville, 
we find the coal to contain only from 6 to 12 per cent, 
of bitumen, thus becoming a genuine anthracite. 

643. BitutntTUnts coal of Ohio.— '^l was truly astonished," 
contirmes Mr. Lyell, "now that I had entered the hydto- 
graphicai (water-formed) basin of the Ohio, at behoMiog 
the richnesa of the seams of coal, which appear every 
where on the flanks of the hills, and at the bottom of the 
valleya ; and which are accessible to a degree I never wit- 
nessed elsewhera The time has not yet arrived, the soil 
being densely covered with the primeval forest, and man- 
ufacturing industry in its infancy, when the full value of 
this ineiLhaustible supply of cheap fuel can be appreciated. 
I found, at Brownville, a bed ten feet thick, of good bitu- 
minous coal, commonly called the Pittsburg seam, break- 
ing out of the river chffs near the water's edge." 

The boundaries of the Pittsburg seam have been deter- 
mined with considerable accuracy. It is of an eliptical 
form, measuring 225 miles in one direction, and about 100 
in the other. 

644. Great demand for this coal. — So great are the facil- 
ities for procuring this fuel, that already it is found profit- 
able to convey it in boats, for the use of steam-ships at J 
NewOrleans, a distance of more than 1,000 miles, although 
the mtermediate river plains are densely covered with tim- 
ber, which may be obtained at the cost of felling it. 

"Again," Mr, Lyell continues, "while alluding to ths 
vast area of these carbonaceoue formations in the United 
States, BO rich in productive coal, I may call attention to 
Ibe Iltiqoia coaL-fields. * • • That co&l-Geld, o 
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lending pEirCB of DlinoLs, Indiana, and Kentucky, la not 
much mferior in dimenaions to the whole of Engiaod; 
and consists of horizontal strata, with rich seams of 
bituminoua coal." (See Travels, vol. il p. 25-6.) 
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CHAPTER XLIII. 



METALLIC VEINS; 



645. Veins originally fissures. — Metallic veins appear 
originallj' lo have been fissures, often passing through dif- 
ferent beds of rock, and which were subsequently filled 
with metalhc ores. These veins must therefore be con- 
sidered as subsequent formations to the rocks through 
which they pass. When, however, a vein is found in only 
one bed of rock, the vein may have been formed and fill^ 
at the time when the rock was couBolidated, 

When mineral veins occur in considerable numbers in 
any tract of country, they maintain a general parallelism, 
as if all the fissures to which they owe their origin, had 
been formed at the same time, by some common cause. 

The absolute antiquity of veins cannot be conjectured ; 
but where one vein intersectB another, as is often the case, 
the dislocation of the strata, through which the oldest 
veio passes, by the contact of the new one, is sufficient to 
show a dii!erence in their ages. 

646. Exist in hypogcne rocks. — Veins exist in hypogene 
and metamorphic rooks, but are most common in the for- 
mer. The substances most commonly found in them, are 
the metals, quartt, ealeareous spar, barytes, and Derbyshire 
spar. Il hardly need be remarked, that the chief object in 
pursuing veins, is the metals which they contain. 

With respect to the depth of metallic veins, nothing but 
conjecture can be offered. The miners believe that they 
reach quite through the earth, but this opinion has no 
other foundation than that they never find their termina- 
tion. Indeed, it is believed, that no instance has been 
recorded, where the end of a metalhc vein has been found. 
They, however, often grow too poor to pay the expense of 
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woiking; and the difficulty of cleanng deep mines of the 
water, is a frequent reason why they are relinquished, 
when they would pay a good profit, were they near the 
surface. Veins are seldom rich near the surface ; but 
increase in value at a medium depth, and grow poor again 
at a greater 

647. Change of metals at different depths. — Metallic 
veins often change their metals at different depths. In 
France, there are veins which contain iron above, then 
silver, and below the silver, copper; and one of the Com- 
wati Eoines contains zink, in the upper part of the veins, 
■which becomes rich in copper at a greater depth. Veins 
often change their dimensions also, being narrow in some 
parts and wide in others. Thus, the Dalcoath mine of 
Cornwall, varies from forty feet lo six inches in width. 

It is a curious circumstance, that where a vein is inter- 
sected by a dike, that the former often divides into two 
branches, which unite aeain before reaching the latter, 
and after having passed it, separates into several ramifi- 
cations. 




L.ign. 1 15, b b, IS the dike, and a a, the metallic 
vein, divided at a, but united again before reaching the 
dike, after passing which, it again separates into several 
parts. The dike has occasioned a fault, by which the 
two ends of the vein are widely separated. The lower 
branches are not supposed to terminate as represented in 
the cut, but to unite again, and proceed downwards, c c, 
shows how veins someiimes change their dimensions, 
being narrow in some parts and wide in others. 

648. ComwaU tin mine. — Sometimes veins containing 
di&rent metals cross each other, and, as above stated, pass 
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from ooe kind of rock into another Examples of both, 
are contained in the tin Croft mine in Cornwall. 

In thia mine are five copper veins, three of tin, and one 
mixed, all within about a furlong of space, from north to 
south. Two of the tin veins proceed in a straight line, 
the other alters its course repeatedly, in a gradual approach 
to the perpendicular, and is intersected hy two of the cop- 
per veins. The rocks through which these veins pass, are 
slate and granite. 
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The annexed Ltgn 116, from Mr Phillips' paper on 
this mine, will make the direction of these vems under- 
stood, a a, copper veins ; 6, tin veins ; c, copper and tin 
intermixed. The dark shade is slate, and the white parts 
granite. The vein number 3, passes between slate and 
granite, one of these rocks being found on the north side, 
and the other on the south. Detached masses of granite 
and slate are found In this vein, and also in number 3, In 
this mine it was frequently the case, that where the vein 
was passing through slate, it contained fragments of 
granite, and when passing through granite, it contained 
pieces of slate. 
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649. MuUon's theory. — No subject belonging lo g 
has been contested more warmly, than the theory of 
metallic veins. These may be considered analogous to 
dikea, which are veins of stone penetinling stmla differ- 
ing from theoiBelveB in kind ; and it is hardly disputed at 
present, that dikea have not owed their origin to melted 
matter injected from below. In like manner many of I be 
earlier geologists, and among them Dr. Hutton, supposed 
that the melala were forced into their veins in a fused state, 
the expansive force of the heat producing the fissurea. 
This is called the igneous theory of mineral veina. 

650. Werner's theory. — Opposed to this doctrine is thai 
of Wemer, and his followers, who beUeved that the fissurea 
of dikea and veina were produced by the shrinking of the 
rocks in which they are contained, and that the metallic 
veins were aflerwanJa filled with the metals in a atate of 
solution, poured in from the surface of the earth. This is 
called the aqueous theory. 

651. The aqueous theory not si 
facts we have stated concerning v 
stated directly, the reader will see, that this latter theory 
contradicts, at once, the principal phenomena by which 
they are attended. For even were it shown that the 
metals were soluble in water, which, however, cannot be 
true, atill, the supposition that the fissures were filled from 
above, could not be maintained, for the following reasons ; 
First. The ores of most veins are unmixed, but where a 
vein contains several metals, one kind is above or below 
the other. Were the melaia poured in from the surface, 
no reason can be assigned why the several solutions should 
not have fallen in together ; or why one should have filled 
the lower part of the vein and the other the upper. Second. 
When a vein paaaes through a different kind of rock, as 
from sandstone through limestone, the quality of the ore ia 1 
changed, and it becomes richer or poorer. This is a general i 

/act well known lo minets. ^Cfvj,\\, \a ^Vain, that n 
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these veins filled by solutions poured in, the kind of rock 
could not possibly influence the quahty of the metal. 
Third. When a fault changes the strata through which a 
vein passes, by lifting that on the one side, or throwing 
down that on the other, so as, for instance, to place sand' 
stone on one side of the vein, and limestone on the oihet 
side, the vein is never so rich in ore, as it is when both 
sides are of the same kind of rock. This fact is also 
plainly incompatible with the aqueous theory. Fourth. 
Were the metals poured in from above, we should expect 
that all the narrow parts of the veins would soon be fUled 
with earth mixed with the solutions, and, therefore, that 
they would reach only to a short distance below the sur- 
face ; whereas the termination of a vein, as already stated, 
has never been discovered. Many other objections might 
be stated ; but these are sufficient to show that the 
aqueous theory is incompatible with the known phenomena 
which metallic veins present. 

652. Difficulty of the igneous theory. — If now we advert 
to the igneous theory, we shall find fewer absurdities, 
because much must here be left to conjecture ; but the 
difficulties are little less than those of the aqueous. 

The objections already made, may be appUed, without 
modification, to this theory ; for if the metals were injected 
in a state of fusion from below, as we must now suppose, 
how would any change in the kind or position of the strata, 
change their quantities ? and how can we account for the 
fact, that veins in the same vicinity contain different kinds 
of metal, perfectly distinct, as tin and copper, in the Corn- 
wall mine ? Besides these objections, the heat of the fused 
metal would have produced obvious effects on the walls of 
the veins, as is the case with basaltic dikes. The adop- 
tion of either of these theories is therefore only a choice of 
dilemmas, as they both fail entirely to account for the 
phenomena observed. 

653. Neither tlieory eocplains the facts. — But the difficulty 
concerning metallic veins, does not end here ; for were it 
shown, in the most satisfactory manner, how the metals 
might have been soluble in water, and in what way they 
might have been introduced from the surface into the fis- 
sures ; or, on the contrary, could it be made to appear that 
all the phenomena which veins present, were compatible 
with the igneous theory, still, the great difficulty would 
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remain UDaiiswered, viz : whence did lAe metal* come, before 
they mere melted by the heat below, or dissolved by the fiuid 

654 Whence do the metals come ' — Th s after all the 
aiguments that have been employed on both s dee e the 
prmc pal quest on and the reasonable answer a obvious. 
The metals were created by Him who made the other 
parts of the earth but v, hether they were formed at the 
same tune and in he ve ne as we see them or whether 
the ve ns were fiBEures afterwards filled w th the metals ; 
and, f HO whe 1 er they came from below being d ssolved 
by heat or from above in solut on with some fluid ar« 
' truest one wh ch ma i, w th all h 3 cunos ty seems dee- 
tmed never to answer 



i 



The adjo n ng cut represents the most common vaneties 
of metall c ve ns It a from S r W 1 Brande s Outl nea 
of Geology, and is placed here to gratify the curiosity of 
the reader, on this mysterious subject. 

With respect to the direction of diflerent metallic veine, 
we have already observed, that in the same neighborhood, 
they commonly run parallel with each other, and are often 
nearly, or quite vertical, or perpendicular to the line of the 
horizon. But the inclination of different series of veins is 
found at every angle, from the perpendicular to the hori- 
zontal ; and the manner in which they run among- the 
■trata is also exceedingly various. In most instances, the 
line of the vein is across that of the strata ; but sometimes 
they run paraUel with each other, and the veins spread 
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out between the strata, as represented at No. 4. Some- 
times, also, a vein, whose general direction is across the 
strata^ will take a short turn between them, and then pro- 
ceed on as before, as represented at 7. The branches of 
the veins do not terminate as they seem to do in the figure, 
but commonly join themselves together again, as seen at 2. 
655. Metallic veins do not consist of metals alone. — It 
must not be imderstood that metalhc veins consist of 
metals, or their ores alone ; on the contrary, they are mixed 
with greater or less proportions of stony matter. Sometimes 
the ore is diffused through the vein, in the same manner 
as it would be, had the stone been porous, and dipped into 
a solution of the metal. In other instances, the metal lies 
in concretions, or crystals, entirely smrounded by the 
stone. An instance of this is conmion in the sulphuret of 
iron, the crystals of which appear as though they had 
been perfectly formed, and then dropped into the stone 
when in a soft state. Indeed, so mysterious are the phe- 
nomena which metalUc veins exhibit, as, in the present 
state of knowledge, to defy all hypothesis. 



CHAPTER XLV. 

CHANGE OF CLIMATE. 

THE CLIMATE OF THE NORTHERN HEMISPHERE WAS ONCE TROPICAL. 

656. Importance of the subject. — Tms is a subject of 
great importance to geology ; and although the idea of a 
imiversal change of climate, was once strongly contro- 
verted, most writers on the subject, at the present day, 
consider that there is sufficient evidence that the temper- 
ature of the atmosphere, and the earth's surface, is much 
lower than formerly. 

657. Indications by the remains of plants. — It has 
already been stated, under the head of " Fossil Botany " ^ 
that in many instances, plants growing at present only * 
in the hottest climates, have been found in the fossil state 
in many parts of Europe and North America. Indeed, 
it is ascertained that the vegetables of which the carbon- 
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ifeious strata are composed, both in England and in this 
country, are almost exclusively those of tropical cUmates. 

The EquisetumSy (144,) which, in the Northern hemis- 
phere, are found at the present day no larger than the 
finger, have been discovered in the coal-mines of England, 
from four to six inches in diameter, and probably of propor- 
tionate height. 

The Couiop^em, (159,) or arborescent ferns, now found 
only in the fossil state, were, from the diameters of their 
trunks, imdoubtedly the rivals of forest trees of the pres- 
ent time, in size. The largest ferns now growing in tem- 
perate climates, rise only to the height of five or six feet ; 
while in the same climate, the remains of this tribe 
occur, which indicate a height of thirty, or even fifty 
feet. We have already mentioned a fern from Bengal, 
forty-five feet high, (79.) 

The Lycopodiums, (167,) Sigillaria, (160,) and the 
Calamites, {145^) found in the fossil state, are each similar 
examples of gigantic vegetation, when compared with the 
Bpecies of these genera now growing in various parts of 
the world. 

658. M. A. Brongniart^s remarks. — M. Adolphe Brong- 
niart, in his splendid work on fossil plants, comes to the 
following conclusions on this subject : First. " That in the 
strata of coal and anthracite, the vegetables preserved are 
nearly all Cryptogamous orMonocotyledonous plants, (69,) 
as ferns, equisetums, and lycopodiums, and that some of 
these tribes, which no longer exist, except as fossils, grew 
to an immense size in Europe. 

Second. " That in the higher strata, a great variety of 
fossil vegetables exists, which, for the most part, appear to 
belong to similar tribes of plants, if not in species, at least 
in genera, to vegetables which still inhabit the hottest 
regions of the earth ; nor is it probable that they have 
been transported to the places where they are found in 
Europe, from such climates, since their most delicate parts 
are uninjured. It is, therefore, reasonable to suppose, that 
since the growth of these vegetables, the climate of 
Europe has suffered a great change." 

659. The Palms. — Still stronger indications of a change 
of climate are evinced, by the occurrence of the remains 
of various species of palms, both in Europe and North 
America. These axe no^ io\md, \l is well known, only 
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in intertropical climates, where they are among the most 
graceful and magnificent of vegetables. That these once 
were natives of the Northern hemisphere, there cannot be 
the least doubt ; for, besides being found in abundance in 
coal strata, they have been discovered, with their roots still 
in the earth, showing, beyond dispute, that they could not 
have been transported from a warmer region, but that they 
once flourished in the places where their petrified stems 
are still to be seen. 

668. Inferences. — From all these facts, about which 
there can be no dispute, the inference cannot be avoided 
that, what are now temperate, were once tropical climates ; 
since all the species of plants above named, are natives of 
such climates, and refuse to grow in any but the warmest 
parts of the earth. 

661. Indications by the remains op animals. — ^^'That 
the climate of the Northern hemisphere has undergone an 
important change," says Mr. Lyell, ^^and that its mean 
temperature must once have resembled that now experi- 
enced vrithin the tropics, was the opinion of some natural- 
ists who first investigated the contents of ancient strata. 
Their conjectures became more probable, when the shells 
and corals of the secondary rocks, were more carefully 
examined: for these organic remains were found to be in- 
timately connected, by generic affinity, with species now 

r' living in warmer latitudes. At later periods, many reptiles, 
such as turtles, tortoises, and the larger saurian cuiimals, 
were discovered in the European strata, in great abun- 
dance ; and these supplied new and powerful arguments 
from analogy, in support of the doctrine, that the heat of 
the climate had been great when our secondary formations 
were deposited. Lastly: when the botanist turned his 
attention to the specific determination of fossil plants, the 
evidence acquired the fullest confirmation ; for the Flora 
of a country is peculiarly influenced by its temperature ; 
and the ancient vegetation of the earth might more readily 
than the forms of animals, have afforded conflicting proofs, 
had the popular theory been without foimdation." 

662. Remains of the Saurians, a proof of change. — The 
remains of the megalosaurus, ( 180,) the ichthyosaurus, {27 6,) 
and several other colossal animals of the same tribe, the 
genera of which, if any examples are still in existence, are 
known to inhabit only the hottest portions of the e^urth^ 

32 
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being discovered in English strata, are strong proofs that 
the climate of the country was once much warmer thjan 
at present. " It is true," says Dr. Mantell, " that these ani- 
mals no longer exist, and therefore only indicate a change 
of climate, by the analogy, that animsis of similar tribes, 
and of great size, are foimd exclusively in tropical cUmates 
at the present day. But there is not wanting other evi- 
dence of such a change, and, perhaps, as direct as the 
nature of such a case will allow, in the fact clearly proved 
by Dr. Buckland, that quadrupeds once inhabited Europe, 
the genera of which are known to live only in tropical 
climates." 

663. Dr. Buckland^ s discovery of the remains ^tropical 
animals. — The genera of quEulrupeds which Dr. Buckland 
was able to determine from the bones found in the Kirk- 
dale cavern, an account of which has already been detailed, 
(page 191,) amounted to 23. Of these, the elephant, rhi- 
noceros, hippopotamus, tiger, and hyena, all belonged to hot 
climates ; and it is well known, that the species now living, 
cannot exist in the climate of any part of Europe, without 
the protecting care of man. That these animals all per- 
ished at, or near the place where their remains were found, 
is proved by Dr. Buckland, by the strongest evidence which 
such a case could allow; and, therefore, that they were 
inhabitants of that country, admits of no doubt; and, if so, 
then these animals must have changed their nature and 
habits, or the climate where they Uved must have materially 
changed its temperature. 
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WELLS AND SPRINGS; 

THEIB. GEOLOGICAL SITUATIONS AND PHENOMENA 

664. Origin of common springs. — The origin of com- 
mon springs is easily understood. The water which 
falls on the surface of the earth, penetrates its sub- 
stance, mitil meeting with a stratum of clay or the sur- 
face of a continuous rock^ which hinders its descent, it 
accumulates*, and, t&kvDg t\ie dox^xhsm ^^yl by these 
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aperture, it gushes o 



its course, until, meeting with a 
ill the form of a spring. 



Suppose u, Lign. 118, lobe a gravel hill, and A,airataof 
clay or rock, impervious to water. The fluid, percolating 
through the gravel, would reach the impervious strata, 
along which it would run until it found an outlet nt e, at 
the foot of the bill, where a spring would be formed. Aa 
water in the earth oteerves the law of gravity, springs are 
most commonly found lower than their sources. When, 
however, the fluid is iutercepteil by a dike, which rises as 
high as its source, the hydrostatic law of tending to a 
level, will carry it equally high ; though this in fact ie 
probably not a common circumstance, since the pressure 
of the water generally will find an outlet before it rises to 
such a height. 

665. Artesian wells — The people of Artois, in France, 
for a long time have been in the practice of boring into 
the earth, until they find a sheet or vein of water which 
rises Co the surface. These arc called Artesian wells, 
becauae the method was first invented or employed in 
Artois. 

This method has for many years been practiced in other 
parts of Europe, and more recently in this country. The 
size of the boring is usually three or four inches in diam- 
eter, and to prevent, its sides from falling in when it passes 
through a stratum of sand, there is introduced a jointed 
tube, which in Artois, is made of wood, but in other 
countries, of copper or other metal. It often happens 
that, after passing through hundreds of feet, without 
success, a vein of water is pierced, which immediately 
ascends to the surface, and flows over the end of the tube. 
The first rush of the water is sometimes so violent as to 
throw it many feet above the surface, where for a time it 
piayH like an artificial foimtain, and then coDtimjaa to ttuL 
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in a iieady stream, or perhaps einka away belov tfi^^b 
face, lo the great disappoint me nt of the operator. Thia 

violent gush of the water appears lo be owing to the pres- 
Bure of air or gaa on ita Burface, before it was pierced by 
ihe auger. Dr. Hildreth states that in boring for salt in 
Ohio, the gas nished out with such force as to throw the 
auger and polea into the top of a tree. 

In some insiaaces, large quantities of water have been 
discharged from great depths in this manner. In 1824, a 
well was dug at Fulham, near the English Thames, to 
the depth of 317 feet, the deepest part of which passed 
through aisly-seven feel of chalk. On piercing lirough 
the chalk, the water inimediatelj rose to the surface, and 
discharged itself at the rate of fifty gallons per minute, 

666. Deep well witheat water. — Sometimes boring for 
Artesian wells is entirely without success. Thus, at 
Toulouse, in France, the excavaliou was carried to the 
immense depth of 1,260 feet, and abandoned without find- 
ing water. In most places, indeed, there is no doubt but 
success must depend on chance, since neither skill nor 
experience, in orditiaiy circumstances, can ascertain, before- 
handj the direction of a waler-vein. It appears, however, 
that in certain situations, water-bearing strata underlay 
conBiderahle extents of country, as will appear by the fol- 
lowing account: 

667. Artesian wells at Modena. — In the country about 
Modena, in Italy, to find water, they dig through several 
kinds of soil, until they come to a stratum of hard calca- 
reous clay, which resembles chalk. Here they begin _ 
their mason work, and build the wall at their leisure, car- 

ging it up to the surface, without the least sign of water. 
ul experience has taught the workmen not to expect it 
until they pierce this stratum, when it never fails to reward 
their labors. When the well is finished, they bore through 
this hard stratum with a long auger, but take care lo 
leave the well before they draw it out again ; which, when 
ihey have done, the water springs up into the well, and 
in a short time rises to the brim, or in some instances, 
overflows into the neighboring valley. 

The source of these wells is supposed to be in the Ap- 
penine mountains, which lie uot rt great distance from 
Modena, and lo which the impervious stratum does not' 
iMCh. The water from the mountains, therefore, fiink*< 
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belov this stxatum, at a distance from tbeae wellB, and 
is thus prevented from rising to the iuiface until this is 
[aerced. 




Suppose a, Lign. 1 19, to represent the Appenines, sloping 
down towards Modena, and passing under the secondary 
strata at b. Suppose that the impervious strata, e, does 
not reach the side of the mountain, and that the strata, 
both above and below it, admit the water through them ; 
then the fluid would not rise in any quantity above this 
stratum, except about its edges ; but the pressure being 
constant on its lower side, because the source is eleve' ' 
the moment this is pierced, the water flows above it, a 
to, which represents a well. 

668. Overfiowing wells. — In many instances, wells over- 
flow their brims, and continue to discharge water, in the 
manner of springs. These may be springs deeply situated, 
which happen to be struck by the well, or they may be 
dishes of water, confined by dikes, or by impervious strata, 
inclining towanls each other. 



Lias. 170. 




The annexed cut, Lign. 120, represents inclined strata 
covered with alluvial deposits. The water descending 
along the strata, would be lost in the adjoining valley, 
was it not intercepted by the dike d, which serves as an 
imperviouB dun. The water, therefore, rises, and forma 
32* 
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springs along the inside of the dike. Now, if a well be 
sunk at to, the water will rise to the surface of the ground, 
and if the inclined rocks be considerably higher than the 
well, it will overflow. If the strata form a dish, one side 
of which is considerably higher than the other, the same 
effect will be produced. 

669. London wells. — London, and its vicinity, stand over 
a formation of rather a peculiar kind, called London clay. 
Its direction is nearly horizontal, and its thickness from 
100 to 500 feet. It is covered with alluvial deposits, of 
various thickness; so that although the surface of the 
clay may be horizontal, still, the depths of the wells are 
various, according to the thickness of the alluvium. 
Until within a few years, most of the wells in and about 
London were sunk no deeper than the surface of this clay, 
and its impervious nature is of vast importance to that 
great city, since the water is thus retained, and a plentiful 
supply is always furnished by means of shallow wells. 
But this water, though limpid, is hard and impure. That, 
however, which is drawn from below the clay, is perfectly 
soft and transparent; and hence all the pumps about 
London, which furnish such water, are of great depth, 
piercing the sand below the clay. 

This water, says Mr. Conybeare, frequently rises so 
inBtantaneously, on passing through the clay, as not to 
suffer the well-digger to escape, without rising above his 
head. It appears to rise in different places to different 
heights. Thus, at Liptrap's distillery, near the Thames, 
it rises no higher than the level of that river; but at Tot- 
tenham. 4 miles north of London, it rises 60 feet above 
that level; while at Epping, 15 miles north of London, 
the water rises to within 26 feet of the summit of the well, 
which is 340 feet above the level of the Thames, and 
therefore 314 feet above that level. This well is 420 feet 
deep, of which 200 feet were sunk through by digging, 
and 220 bored with an auger, 4 inches in diameter. After 
boring to this depth, no water being found, the project 
was relinquished, and the well was covered over; but at 
the end of five months it was found that the water had 
risen to within 26 feet of the surface, and has so contmued 
ever since. The sinking of this well was, therefore, 340 
feet above the level of the Thames, and 80 feet below it. 

670. WeU at Hunter's HcdL—A well at Hunter's Hall 
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is 350 feet deep, but its summit is 70 feet higher than that 
at Epping, and 410 feet above the level of the Thames. 
The water in this well stands 130 feet above its bottom, 
which is 60 feet above the level of the Thames ; the 
actual elevation of this water, therefore, is not so great as 
that at £pping, bj 54 feet. 

UGN. 12L 




Deep well at Hunter's HalL 

These facts will be better understood by Lign. 121, 
where H marks Himter's Hall; E Epping; T Totten- 
ham ; L liptrap's well, at Mile End. a 6, is the level of 
the sea, as indicated by that of the Thames. It will be 
observed that all the wells reach below the level of the 
Thames, except that at Hunter's Hall. The numbers 
will be chiefly understood, by the explanations already 
given. Thus, the water in the well at Hunter's Hall, 
stands 130 feet from its bottom, the well is 350 feet, and 
its mouth 410 above the level of the Thames. That at 
Epping, is 420 feet deep, its summit is 340 feet above the 
Thames, and its bottom 80 feet below it ; the water is 
314 feet deep, and it rises to within 26 feet of the top. 
The well at Tottenham is 130 feet deep; its top is 70 
feet above the Thames, and its bottom 60 feet below it, 
and the water rises 60 feet above the sea. 

All these wells being sunk below the London clay, and 
deriving their water from the same source, it might be 
expected that, agreeably to the general law of hydro- 
statics, their surfaces would have * a common level. The 
London clay is nearly on a horizontal level ; the depth of 
the well at Hunter's Hall, however, shows a slight rising 
of the strata there ; but still, the water in that well does 
not rise so high, by 54 feet, as that in the well at Epping. 

671. Common wells. — Wells situated in level countries, 
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and in alluvial formations, generally lequiie to be f 
only 30 ox 40 feet, and sometimes no more than 20,befoi 
water is found. These are not commonly supplied ir 
apringa, but merely by the draining of the water, whicQi^ 
exists wilhin the circuit of a few yards, into a cavity^l 
During severe droughts, many such wella fail, wbicM 
shows that they are supplied only by the rain which pffi^ 
Delates from the surface, and not by deeply-seated springs, I 

672. Springs in salt marshes. — There is little difficulty ' 
with respeoi to those springs which rise in salt marshe^ 
or which gush from the fissures of rocks un^er the sea;, 
The sources of these are in the distant hills ; or in tho/ 
strata of the vicinity, situated higher than their outlets; 
and ihe presence of the sea or marsh, it is plain, could not 
aSeot them, since the water from these does not penetrate 
their sources. This principle will also account for sudK 
springs as rise on small islands, ai httle distances from 
the sea-shore, where they could not have been colleetoi 
from the rain falling there. 

673. Springs en the tops of hills. — There are, howev0% 
springs which rise near the tops of hills, and which af 
BO situated as to make It apparent that their sources coui 
not exist in the same hills, nor in those in the irmnediat 
vicinity. The water with which such are supplied, mu«| 
therefore, come from the higher bills or mountains, at tf 
distance, and, passing the intervening valley, rise b 
hydrostatic force to these outlets. Man^ rocks are so fu! 
of fissures, as to present no difficulty m supposing tha 
considerable rivulets might run among them, at greS 
depths below the surface. Rocks also frequently contail 
luge cavities, so that some rivers sink down into theiQi 
and disappear for mites, when they again issue from thMf 
hiding-places, and continue (heir courses. In limestooa 
districts, it is well known that large cavities are of conta 
mon ocuurrenoe. Perhaps, therefore, the manner inwhioil 
water is conveyed to the springs, situated as abovift. 
described, may be as follows ; — Water, from hills at % 
distance, and more elevated than the springs, descends 
through fissures, to a cavity in the valley, which cavitjt 
communicates with another fiasure, running to the sprinSt 
In this manner the hydrostatic pressure from the highei^ 
hill, would overcome that from the lower one, and thewatfll 
would be perpeloaUj tnoafcired from one U) ibe othet 
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Such a well exists near the cit j of Hartford, called the 
Overflowing toeU, and is a well-known curiosity to inquiring 
strangers, who visit the place. 

UGN. 12a. 



Eydroatatic springs. 

The annexed cut, Lign. 122, will make this obvious. 
The rills a, are supposed to unite, and fall into the cavity, 
below b, from which the greater pressure from a forces 
the water up the hill, through a fissure, to c, where the 
spring issues. 

674. Streams under the earth. — That water runs in 
considerable streams imder the earth, and among the 
fissures of rocks, is proved by its issuing in springs, some- 
times in large quantities. Dr. MaccuUoch states, that a 
spring in Staffordshire, is computed to discharge more 
water annually, than all that falls in the surroimding 
country ; and the same, even to a greater degree, is true 
of that of the Sorgne, in France. 

675. Big Spring in Virginia. — A writer in Featherston- 
haugh's Journal, for August, 1831, p. 65, refers to a great 
body of water, which issues from the groimd, 10 miles 
fitom Harrisburgh, Virginia, and which is known under 
the name of " Hg Spring." He says : " It should mther 
be called a river, so large is the body of water which 
rises suddenly from the foot of a limestone hill, and con- 
tinues in a stream some yards in breadth, and half a foot^ 
deep, with force sufficient to turn two large mills imme- 
diately below."^ 

676. Spring at Kingston. — There is a spring at Kings- 
ton, R. L, which rises from primitive rocks, and discharges 
such a quantity of water, that a grist-mill has been 
driven by it for a great number of years ; and more 
recently, a large cotton factory has been erected below the 
corn-mill, which depends entirely on the water of this 
spring to turn its whole machinery. 

From these, and such like facts, there can be but little 
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doubt, that small streams are constantly running under 
ground, among the crevices of the rocks, and that such 
springs are formed by a union of many of these tributaries, 
in a similar manner to which larger streams are formed 
on the surface of the earth, by the union of several 
smaller ones. 



CHAPTER XLVII. 

THE GLACIERS; 
THEIR MOTIONS, PHENOMENA, AND THEORY. 

677. The attention of the scientific world has lately 
been turned to the investigation of the subject of Glaciers; 
and such has been the interest they have attracted, that 
many volumes have been written in explanation of the 
phenomena they exhibit. Indeed, no department of Greol- 
ogy, at the present time, excites such keen interest as this. 
It is therefore proposed here to give such an account of 
the subject as to make it clearly understood. 

678. Definition. — A glacier is an accumulation of ice 
and snow on the side of a mountain, whose summit reaches 
the line of perpetual congelation. In general, this con- 
tinuous mass reaches down the side of the mountain 
gorge until it meets the heat of summer. The sides of 
the Alps of Switzerland, are in many directions covered 
by glaciers, and it is here that their phenomena have 
chiefly been studied. 

A glacier is not a mass of solid ice, but is loose in its 
texture, and often stratified by layers of ice and snow, al- 
ternating with each other. It is rough on the surface, and 
is better represented by a frozen torrent thui a frozen lake. 
In the summer season the lower part meiits, and affords a 
continual flow of water. Perhaps this extremity may ter- 
minate in the very field where the crops of com and the 
green grass are growing in all their beauty and luxury. 

In the lower part, the glacier is constantly wasting by 
fusion during the summer, nor does the snow of winter, in 
many instances, compensate this loss. In the upper part, 
the heat of the summer sun also melts large portions of 
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the surface, but the accumulation of winter often more 
than supplies this loss. If, therefore, these masses were 
fixed hke the rocks on which they rest, the lower portions 
would entirely disappear, while the upper would cover the 
highest mountains by their constant increase, and yet it is 
found that ages produce little change in their relative pro- 
portions. This, we shall see, is explained by the con- 
stant motion of the glacier from the mountain towards the 
valley, and yet it never leaves the mountam, nor fills the 
valley. 

679. Motion of the glacier. — Although the form or ap- 
pearance of a glacier may not, so far as the eye can detect, 
change for years, or even centuries, yet it is certain that 
the whole mass, extending many leagues in every direc- 
tion, is in constant motion down the inclined plane on 
which it rests. Nor can any impediment, such as the 
irregularity of the surface, or the narrowness of the gorge 
through which it passes, arrest this movement. This at 
first might seem an enigma of difficult solution, and yet 
no geological fact is more clearly ascertained, though the 
cause which produces a force so enormous is so entirely 
concealed — so silent in its action, as to divide the opinions 
of the acute philosophers, who have witnessed all the 
facts, as to its nature. On this point, we shall hereafter 
cite the opinions of different observers. 

680. Proofs of glacial motion — The glacial masses are 
so extensive, often 20 or 30 miles in length, and their mo- 
tions so slow, that particular means are necessary, first, 
to detect this movement, and then to ascertain the rate of 
motion. 

In order to ascertain that these vast bodies actually 
move, some fixed object, as a permanent rock, must be 
selected as a point from which observations are to be made, 
and then taking a block of stone, resting on the surface of 
the glacier, as the moving body, and accurately noting 
their relative positions, both the motion of the icy suface, 
and its rate, can be ascertained. 

That the glaciers move, has been long since proved by 
the observations of the neighboring inhabitants, as well as 
those of philosophers. A block of stone, of peculiar shape 
or size, seen at a distance on the surface of the glacier, 
and year after year approaching the house or the field of a 
peasant, until, by the melting of the ice in simimer, it was 
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left on the bare ground, would be a sufficient proof of 
motion. But philosophers have not been satisfied with 
this proof ; they have observed, scrutinized, and measured 
for themselves. 

Sometimes accident has furnished the means of ascer- 
taining the glacier motion in a very peculiar and striking 
manner. This was the case with respect to Saussure's 
ladder, a fact mentioned bj many of the writers on this 
subject. This celebrated philosopher visited the Alps in 
1788 ; and, for the purpose of ascending steep places, had a 
ladder conveyed with him nearly to the head of a certain 
glacier. This ladder, it seems, was left at a certain place 
known to the guides. After a lapse of forty-four years, 
the very same ladder was found at the distance of 16,500 
feet from the place where the philosopher had left it. 

681. Rate of glacier motion. — Admitting that Saus- 
sure's ladder traveled as stated above, its motion was 
at the rate of 375 feet per year, or a little more than a 
foot per day. But it can hardly be otherwise than that 
the motion of these huge masses must depend on the cir- 
cumstances of inclination, the surfaces over which they 
run, perpendicular impediments, and perhaps other con- 
tingencies unknown to man. It is known that there is a 
great diflFerence in the rates at which they move at differ- 
ent periods, and also that some descend nearly, if not twice 
as fast as others. 

One of the most interesting and satisfactory accounts of 
glacier motion is contained in the narrative of Professor 
Agassiz, who has written largely on this subject, his work 
being illustrated by many views, which are said to be ex- 
ceedingly correct. 

" The most incontestible proof," says he, *' of the de- 
scending march of glaciers, is afforded by the observations 
which 1 made last year (1839) on the lower glacier of the 
Aar. My intention was to visit the point of junction of 
the glaciers of the Finster Aar, and Lauter Aar, where M. 
Hugi had constructed a cabin in 1827 for passing the 
night. We had walked for nearly four hours on the great 
medial moraine, when we discovered, all at once, a cabin, 
very solidly built. We did not think that this could be 
Hugi's cabin, for we knew that it had been constructed at 
the foot of a certain rock, which forms the angle of the 
mountain, separating the two glaciers, and we were yet a 
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great way from this rock. It also scemod that the walls 
of the cabin were tix) well presprved to have rosisted for 
twelve years the hurricanes of these elevated reirions. It 
was, however, the very cabin of M. Hiigi, which we had 
thus recognized. We found a broken bottle under a little 
heap of stones which served to fix a long pole on an im- 
mense block of stone, situated at one side of the cabin. 
This bottle contained several papers, which infonned us 
that M. Hugi had constructed this cabin in 1 S-Z7, at the 
foot of a certain and well-known rock, called, in the lan- 
guage of the country, Abschioung. Another paper, in the 
hand-writing of M. Hugi. informed that in 1830 he had 
returned to his cabin, and found it several hundred feet 
below its first position ; that six years afterwanls. (in 183G,) 
he found it 2,200 feet from the foot of the rock where it 
was constructed. We hastened, continues Prof Agassiz, 
to measure with a long cord, which we had provided, the 
distance from the cabin to the rock, and found it 4,400 
feet. This year, 1840, 1 have found the cabin much in- 
jured, but 200 feet down the inclined plane from where it 
was last year." 

682. T/ieir motions not uniform. — From this extract we 
find, by calculating from the numbers given, that the motion 
of this glacier has been far from unifonn. During the 
first nine years, from 1827 to 1836, the whole distance 
passed over, being 2,200 feet, was less than 250 feet per 
year; while during the three years from 1836 to 1839, it 
must have moved three times as fast as before, since the 
same distance was passed, making 730 feet per year. 
Whether any circumstance with respect to the position of 
the ground, or of the seasons, during these years, afford 
any data from which a conjecture might be raised to ac- 
count for this difference, we are not infonned. 
^' Says a writer on this subject, " What curious internal 
evidence, then, does a glacier present, of the progress of 
events which have modified its surface. It is an endless 
scroll, a stream of time, upon whose stainless gromid is 
engraven the succession of events, whose dates far trans- 
cend the memory of living man. Assuming, roughly, the 
length of a glacier to be 20 miles, no uncommon case, and 
the velocity of its progression one-tenth of a mile, or 500 
feet per year, the block of stone which is now being dis- 
charged from its lower or inferior surface on the terminal 

33 



386 THE GLACIERS. 

moraine, may have started from its rocky origin two hun- 
dred years ago." 

683. Moraine. — This is a word which often occurs in 
all recent descriptions of the glaciers ; and although the 
latter may occur without the former, yet so intimate is the 
connection, that no moraine exists, without at least the 
supposition of a glacier hy which it has been formed. 

A moraine is the accumulation of stones, sand and earth, 
brought down and deposited by the glacier. The forma- 
tion of these deposits is explained by Prof. Agassiz as 
follows: "Glaciers, it is well known, are continually 
moving downwards, (the cause of which will be explained 
hereafter.) In their course down the mountain, rocks and 
earth are often deposited on their surfaces, being loosened 
by the frost or streams of water. These accumulations 
continue on the surface of the ice, until they reach the val- 
ley, where the heat of summer, melting the lower part of 
the glacier, they are deposited and left on the bare ground, 
sometimes miles in extent and many feet in thickness. 
Sometimes, also, the weight and force of the moving gla- 
cier is such as to plough up the soft earth several feet in 
depth, carrying the soil, together with the rocks and stones, 
forward, and finally leaving them, whenever this force is 
lost by being dissolved into water by the influence of 
summer." 

684. Glacier tables. — It is a curious fact, that although 
dark-colored blocks of stone, of all sizes, rest upon the 
surface of the icy glacier, and are there exposed to the 
heat of the summer sun, yet they never absorb heat so as 
to sink down into the ice by melting. The experiment of 
Franklin, in placing pieces of cloth of different colors on 
the snow, to test their respective powers of absorbing heat, 
by the distances they sunk below the surface, seems not 
to hold with respect to the glaciers. On the contrary, 
there is a continual waste of the ice around the blocks of 
stone, but not under them, so that instead of sinking 
beneath the surface, they in effect rise above it, by the 
waste which takes place around them. Thus, the stones 
are elevated on pedestals, or tables, and hence the name. 
These icy pedestals, raised in many instances several feet 
above the general level, each crowned with a stone on its 
top, are said to give some of the glaciers a singular and 
eiiigmatical appearance. The stranger wonders by what 
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unseen and mysterious power the ice has been thrown 
above the common level, carrying with it such a huge 
block of granite. But this fact points to a most important 
circumstance in the economy of glaciers, namely, that 
there is a perpetual waste at their surfaces. The stone, 
therefore, by preventing this waste, is an index to the for- 
mer level of the whole mass, like the pillars left during an 
excaration into the earth. A few authors formerly sup- 
posed that these icy tables, by some singular process, 
started up from the general mass, but more patient and ac- 
curate observation has left no doubt that their origin is as 
above described. 

A very simple experiment has been made, to show the 
gradual wasting of the glacier, as it descends towards 
the valley. A hole ten feet deep being cut in the ice, a 
stick was set vertically therein, leaving a few feet above 
the surface ; when observation showed that the stick was 
several feet higher above the surface, in the autumn than 
in the spring. 

685. Composition of the glaciers. — It is a great mistake 
to suppose that glaciers are composed of sohd ice ; on the 
contrary, especially near thQ surface, they are exceedingly 
porous, and during the summer are so soft as to allow the 
foot to sink into the surface at every step. 

The upper portion of the glacier, consisting of micon- 
solidated snow, is called, in French, n^v^. As we approach 
this part, the fissures or crevices, which in the lower parts 
are very common, become more rare, and are always nar- 
row. At the elevation of about 8,000 feet, the winter's 
snow lies all summer, with very little melting. It, how- 
ever, gradually becomes more and more solid, and the new 
snow is always easily distinguished from the old, by the 
icy texture of the latter. This portion of the glacier often 
presents a magnificent prospect, the surface being smooth 
and level, like an artificial floor stretched across the 
valley. Above, and on the right and left of this dazzling 
carpet, arise hundreds of nameless peaks, seeming to pierce 
the skies, whose azure hue is so intense as to find no 
match in nature, save the gentian, which often expands, 
in all its beauty, close to the perpetual snow of the glacier. 

The sides, scathed- by lightning and torn by the ava- 
lanche, scarcely permit a resting-place for the snow, which 
accumulates in dazzling wreaths only in its sheltered 
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nooks. Each of these pinnacles, transported to an ordinary 
scene, would seem one of nature's grandest objects ; but 
here it is lost amidst the crowd of its fellows. But a few 
of them have any specific names, and still fewer are to be 
found indicated on the most accurate maps of the Alps. 

The structure and consistence of this part of the glacier, 
are very remakable. It is evidently snow, in the act of 
passing into ice, having a graniilar structure, resulting 
from the partial thaw to which it has been subjected. On 
the flanks of the mountains, and even on their summits, 
the snow is often consolidated into a compact icy struc- 
ture, alternating, however, in the more sheltered places, 
with crisp snow, which separates the icy layers, charac- 
teristic, also, of the proper n6v6. 

That true ice should be found on the highest summits, 
and above what is considered the line of perpetual conge- 
lation, is not a matter of surprise to those who reflect that 
the sun acts at these elevations, with an intensity unknown 
below ; and although the continued accumulation of snow 
is no doubt mainly prevented by the action of wind, 
(which may be seen driving to leeward a delicate cloud 
of snowy particles, having all the appearance of the finest 
vapor,) and likewise by the immediate evaporation of the 
snow, without passing into water ; yet there can be no 
question that every hot summer's day fuses a portion of 
the snow, which is turned into ice the succeeding night, 
forming a true icy crust on the most insulated summits, 
where the snow can find a resting-place. 

Sometimes these icy crusts accumulate in thickness by 
the accession of new falls of snow, so as to project several 
feet over the most awful precipices. This crust, pierced 
or broken inadvertently, may bring the unwary pedestrian 
into the most perilous situation, or even sacrifice his life. 
M. Hugi describes such an instance in his own case. 
While attempting to ascend the Finster Aar Horn, he 
broke, by his weight, through a cornice of ice, such as we 
have described, onlj'^ two feet thick, and projecting over a 
sheer precipice of 4,000 feet, or more than three-fourths of 
a mile in depth. Fortunately, at this awful moment, one 
of his companions had, for security, taken hold of a long 
stafiT which Hugi carried in his hand ; and now, the 
footholds of both giving way, they were suspended, each 
at the end of the pole, in frightful equilibrium, as at the 
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arms of a balance, until their guides providentially came 
to their rescue. 

686. Gravel cones. — We have already seen that the 
glaciers bear on their surfaces quantities of broken stone, 
of various sizes, the products of disintegrated mountains, 
which have been precipitated from their resting-places by 
the winter's frost, or the summer's avalanche. In addition 
to this detritus, many glaciers are covered with a number 
of gravel cones, whose sizes and regularity astonish and 
perplex the beholder. Some of them are 15 or 20 feet in 
height, and 70 or 80 feet in circumference. At first sight, 
no one would doubt but these are solid heaps of sand. In 
shape and appearance, they resemble enormous ant-hills ; 
and while the spectator is curious to know how it is 
possible for such objects to obtain such a place, his wonder 
is raised at the fact, that sand and gravel could possibly 

« retain such a shape. But, on further examination, he 
finally arrives at the no less marvelous truth, that what 
he mistook for heaps of sand, are solid ice, within a 
small distance under their surfaces. The manner in 
which they are formed, appears to be this : Suppose a 
heap of sand, a few feet, or more, high, poured on a fiat 
surface of ice. During the summer, the sun melts the ice 
in all directions, except where it is protected by the sand, 
and thus in effect the sand rises, while the surrounding 
ice sinks ; and this being continued, year after yeeir, a 
cone of ice is formed within, being protected and covered 
by the sand without. 

687. Theory of the movement of glaciers. — While all 
attentive observers agree that the glacier has a motion 

. down the side of the mountain, and sometimes in its lower 
part, even on a level plain, there is much diversity of 
opinion with respect to the cause of this movement ; nor 
can this excite our surprise, since this cause, whatever it 
may be, is so secret and silent, that even the efiect can- 
not be detected without careful observation. 

The most voluminous and able writer on this subject, 
M. Agassiz, attributes this motion to the expansion of the 
glacier itself, this expansion being caused by the infiltra- 
tion of water into the ice and snow, during the summer, 
and the freezing of the same during the winter. The 
expansion of water, in the act of freezing, is considerable ; 
and, it is well known, exerts a force equal to the bursting 
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of heavy cannon. It is true that this force acts in every 
direction ; but it must be remembered that, in the present 
case, the upper end of the ice rests against the side of the 
mountain, and, therefore, that there is a barrier to its 
motion in that direction, so that the movement must be 
downward, if at all. Now, were the motion of the glacier 
owing to this cause alone, it ought to take place only at 
the beginning of winter, or at the time when the water is 
converted into ice; for, after this, the expansion ceases. It 
is, however, true, that during the cold of winter, the frost 
reaches deeper and deeper into the ice, so that this force, 
though at first only exerted at the surface, finally reaches 
many feet, or even yards, into the mass. This expansion 
below, would of course occasion fissures, by the cracking 
of the ice at the surface, which accordingly are found in 
all the glaciers. Sometimes, however, they are several 
hundred feet deep, and, therefore, must be due to other 
causes theen the percolation and freezing. 

Professor Forbes, a recent writer on the subject, who, it 
appears, has spent ten summers among the Alps, denies that 
the motions of the glaciers are due to the expansion of the 
water, by freezing ; for, first^ the water percolates to but 
a small distance during the summer ; second^ were this 
the true theory, the motion ought to be greatest during 
winter; third^ the motion is much greater during the 
Bimimer-thaws than at any other season. Fonner writers 
supposed the motion was owing to gravity, there never 
being such an attachment by frost, between the ice and 
the ground, or rocks, as to prevent a sliding movement 
down the mountain. On the contrary, it is said the 
glacier moves even where the declivity is very shght, the 
mclination being no more than five degrees, or not so great 
as to prevent a loaded team from passing up it. 

688. What is a glacier ? — To this question. Professor 
Forbes answers : ^ A snow-clad moimtain is not a glacier. 
The common form of a glacier, is a river of ice, filling a 
valley, and pouring down its mass into valleys still lower. 
It is not a frozen ocean, but a frozen torrent. Its origin, 
or fountain, is in the ramification of the higher valleys and 
gorges, which descend among the mountains, perpetually 
snow-clad. But what gives a glacier its most peculiar 
and characteristic feature, is, that it does not belong 
exclusively, or necessarily, to the snowy region. The 



THE QhAClSBS. 991 

snow disappears from its surface in summer, as regularly 
as from that of the rocks that sustain its mass. Its gelid 
masses protrude into the midst of warm and pine-clad 
slopes and green sward, sometimes reaching to the borders 
of cultivation. The very huts of the peasantry are some- 
times invaded by this moving ice, and many persons now 
living, have seen the full ears of com touching the 
glacier, or gathered ripe cherries from the tree, with one 
foot standing on the ice." * 

Such being the nature and phenomenon of the glacier, 
Prof. Forbes, after examining and setting aside the chief 
previous theories, announces his own, as follows: — ^A 
glacier is an imperfect fluid, or a viscous body, which is urged 
down slopes of a certain inclination, by the mutual pressure 
of its parts?^ 

It is, therefore, the gravity of its own mass, by which it 
is urged forward, and this he illustrates by such examples 
as melted tar, mortar and treacle, moving down an inclined 
plane, which is steep at the part where the motion com- 
mences, but gradually diminishes, until it becomes nearly 
level, where the motion ends, this being the form of most 
glacier-beds. 

Considering the semi-fluid consistence of the mass, 
which other writers have not insisted on, Prof. Forbes' 
theory, we think, best accounts for the phenomena in 
question. It is, in fact, a gelatinous mass, but sufficiently 
fluid to observe the same laws as running water, moving 
faster in warm weather than in cold — the centre flowing 
more rapidly than the sides, and the top faster than the 
bottom, owing to these portions being retarded by frictioiL 

M. Agassiz supposes that large tracts of country were 
anciently covered with glaciers, and in that manner 
accounts for those immense accumulations of stones which 
have so long puzzled geological inquirers, and which some 
have supposed that the deluge swept together. Since 
this theory has been published, geological appearances 
have been explained, which before were a mystery in 
many parts of the world. In Scotland, Ireland and Eng- 
land, accumulations of stones*and rocks, before unaccount- 
*able, are now seen to be moraines, and in this country the 
same theory very satisfactorily accounts for the same facts. 
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CHAPTER XLVIIl. 

FOSSIL HUMAN BONES; 
WBKRE FOUND, AND WHETHER ANCIENT OR RECENT. 

689. Important question in geology. — The question 
whether any human remains have been found in ancient 
strata, has been matter of controversy among naturahsts, 
during at least the last half century. Before this period, 
and when even able professors of anatomy knew very 
little of comparative osteology, there was no want of what 
.were beheved to be human bones. Even those of the mas- 
todon, as already stated, were sent from this country to 
London, as the bones of giants. But since Cuvier, and 
others, have made fossil remains an important object of 
study, such discoveries have been less common. Still, 
the remains of human beings, where no doubt exists of 
their identity, have been frequently discovered in caves, 
with the bones of extinct animals ; and also in calcareous 
deposits. 

690. Cavern of Durfort. — This cavern is in France, and 
is situated in a hill about 300 feet high. It consists of 
several chambers, or apartments, with narrow passages 
leading from one to the other, the last of which, being 
about three yards square, contains the human bones. They 
lie in the utmost confusion, in the paste or matter which 
unites them; and are in such numbers, as to form half the 
bed on the floor of the cavern. A great number is also 
united to the rock, by calcareous incrustations. They are 
chiefly those of the head, thigh, and arms, and most of 
them belonged to adults of men and women, and some 
also to children. 

M. de Serres, who makes this statement, says that the 
narrowness of the passage is an invincible objection to 
the bodies, to which these remains belonged, being carried 
there after death. The people in the vicinity have a tra- 
dition, that at some remote* period, they were brought from 
a distance, and deposited there. They are not completely 
mineralized, or petrified, but still retain some portion of 
animal mutter. This latter circumstance is considered a 
tuificient proof that they are not of high antiquity; and, 
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therefore might ha\e been deposited there within a few 




891. Hdhan nE%ur\ t L. \l t ipf —The limestons 
of Quadaloufw relebrated all over the geological world, 
and mention pd m eitirjbook on fossils during the laat 
half cenlurj la the only place where bmnao remains havd 
heen fomid imbedded in solid ruck. This seems to have 
been formed, and is said to be still forming, iu the follow- 
ing manner; 

692. Mode of formation. — The coral reefs, which sur- 
round the island, are worn and abraded by the incessant 
action of the waves, and the detritus thus occasioned, is 
washed to the shore in the state of coralline sand, or mud, 
where, by the action of the atmosphere, or streama holding 
carbonate of lime in solution, the mass becomes indurated 
into a compact limestone. It ia quite evident that the 
rock was in a soft and yielding state when these akele- 
tons were imbedded in it ; and it is also ascertained that 
the bones are not fossilized, but retain their animal matter, 
as gluten and phosphate of lime. The modem origin of 
the rock ie also proved by its containing land-shella, fngr 
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ments of pottery, stone arrow-heads, and carved wooden 
ornaments. 

693. The skeletons. ^^TYie bones, in most instances, are 
separated and dispersed, probably by the action of the 
waves ; but, in one instance, a large slab was raised up, 
which contains imbedded in it, a considerable proportion 
of a female skeleton. This is now in the British Museum, 
and is here represented by Lign. 1 23. This celebrated relic 
embraces the chief parts of the human skeleton, with the 
exception of the head and feet, the whole being fastened 
to the slab of hmestone, or rather partly imbedded in it, by 
the calcareous matter of which the rock itself is formed. 

694. The skull. — It is, perhaps, a remarkable fact, that 
the head of this very specimen, now belongs to the mu- 
seimi of the Medical Q>llege in South Carolina, having 
been' purchased of a French naturalist, who procured it at 
Guadaloupe. It has been examined by Prof Moultrie, of 
that College ; who, as stated by Dr. Mantell, pronounces 
it to be a skull belonging to one of the Peruvian races. 
This, however, does not agree with the tradition of its 
origin, which is as follows : Gren. Emeuf, a French mili- 
tary officer, having examined all the circumstances within 
his reach, concerning this famous deposit, ascertained that 
there had been a battle near this spot, between two tribes 
of the former natives of the island, about 1 30 years ago ; 
and it was conjectured that the bodies of the slain had 
been interred near the shore; the skeletons afterwards 
having been imbedded by the water, which converted the 
sand into solid rock, by the deposition of calcareous matter. 

695. Other skeletons from the same place. — Many human 
bones have been found at this locality, but most often in 
detached parts, or fragments. There is, however, in Cu- 
vier's Theory of the Earthy a description or figure of a 
human skeleton, from Guadaloupe. It is not entire ; the 
head, feet, and some other parts, being absent. This ap 
pears to have been buried in the sitting posture. It is still 
preserved in the Museum of the Garden of Plants in Paris. 

696. Human body found at Gibraltar. — The following is 
from the United States Literary Gazette, and appears to bear 
the marks of truth, though not the language- of science: 

In March, 1845, the Chief Justice of Gibraltar, while 
making repairs about his house, had occasion to dig near 
the foundation, and while thus engaged, one of the work- 
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men discovered a deep fissure in the rock. Into this the 
Chief Justice, and several of his men, ventured ; and after 
having descended about 40 feet, nearly in a perpendicular 
direction, came to a narrow passage, which led to a most 
beautiful cave, where stalactites were hanging in abun- 
dance, some of them as white as snow, and in the shape of 
cauliflowers. In the midst of this was a human skeleton, 
sticking fast to the rock, and the bones of a dog beside 
those of his master. The Chief Justice's house, which is 
an old one, is immediately over the cave. I walked out 
on the 4th instant, to examine these bones. It is quite 
melancholy to see the skull ; the water has dropped down 
on the lower jaw, and, there leaving the lime it contained, 
has given it the appearance of a beard. 

Some parts appear to be entirely petrified ; but the scalp 
still remains, and the veins on the left side are quite dis- 
tinct. This part is turned into stone, or is covered by the 
stalactite, which is chipped off here and there, down to the 
bone of the skull, which is white, like ivory. The nose, 
likewise, has not decayed, but the parts about it are also 
stone. The bones of the right hand were fastened to the 
right side of the head; so that the poor creature has the 
appearance of having laid down and died, very probably, 
by starvation, with his hand under his head, which is half 
turned round, as if he, or she, had been looking up. The 
entire set of teeth were beautifully perfect ; but the front 
ones of the lower jaw dropped out when it was moved. 
There is some of the back-bone, ann-bones, ribs, and thigh ; 
in fact, I beheve they have them all complete. The bones 
of the dog lay beside the human bones. 

Remarks. — This discovery will not at all surprise those 
who are aware that the rock of Gibraltar is a cavernous 
Hmestone, and that several fissures and apartments, con- 
taining stalactites, have been long known to the inhabit- 
ants, and are. shown to strangers as geological wonders. 
This appears to have been a newly-discovered fissure, into 
which some unfortunate man and his dog had been precip- 
itated; and there having perished, the remains were covered 
with stalactical Ume,(347,) from the dripping of the water. 

IMPRESSIONS OF HUMAN FEET IN SANDSTONE. 

697. '^In connection with the occurrence of human 
bones in limestone," says Dr. Mantell, «I will here notice 
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a discoverj of the highest mleresi, but which has not ^et 
axcit«d, among scieuiific obaen-ers, the aUeniion which lU 
imponaoce demands. I allude to the fact announced in 
the American Journal of Scienet, (vol. v. for 1822,) of im- 
preflsiona of human feet b sandstone, discovered man^ 
jeaTB ago, in a quarry at Si. Louis, on 
of the Mississippi. 



bank 




698. "The above Lifnograph is an esact copy of th« 
original drawing, and exhibits the impressions of the aolei 
of two coTresponding human feet, placed at a short dis- 
tance from each other, as of an individual standing 
upright in an easy position. The prints are described u 
piesentinE the perfect impress of the feet and toes, ex- 
hibiting the form of the muaclea, and the flesures of the 
akin, as if an accurate cost had been taken in a soft 
aubatance." 

"They were at first supposed to have been cut in the 
atone, by the native Indians; but a little reflection sufficed 
to show that they were beyond the effiirts of fhose nida 
children of nature; since they evinced a skill, and fidelity 
of execution, which even my distinguished friend. Sir ' ' 
Francis Chantrey, could not have surpassed. No doubt • ' 
exists in my mind, thai they are the actual prints of-'i 
human feet in soft sand, which was quickly converted 
into aolid rock, by the infiltration of solid matter. Tha , 
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leagth of the foot is ten inches and a half; the spread of 
the toes four inches, indicating the usual stature; and the 
nature of the impression shows that the feet were uncon- 
fined by shoes or sandals." — Wonders, p. 77. 

These foot-prints, as we see from the above marks of 
interest in the mind of Dr. Mantell, created quite a sen- 
sation among geological inquirers; but on more close 
examination of the prints themselves, and inquiry into 
the circumstances, it is now believed that they are not nat- , 
ural, but artificial marks, made by a stone-chisel, or some 
other instrument. 



CHAPTER XLIX. 

COINCIDENCE OF GEOLOGY WITH THE MOSAIC HISTORY. 

699. Attempts to show that Moses and geology disagree. — 
Almost from the commencement of geological investiga- 
tions, designing men have attempted to show, that the 
physical history of the earth, by geologists, and the Scrip- 
ture history of the creation by Moses, could not be recon- 
ciled ; that the former presented facts, which were incom- 
patible with the latter ; and that, therefore, revelation and 
reason were in opposition to each other. * 

700. The church looked with jealousy on this subject. — 
Hence it was, that in the early history of this science, the 
church looked with jealousy upon these investigations, 
and even went so far as to restrict philosophers in their 
pursuits, or, at least, in their publications, and to denounce 
those who pretended to make discoveries, which they 
could not reconcile with the Mosaic record. 

701. Time was wanted. — ^Judging from the effects of 
causes now in operation on the surface of the earth, it was 
supposed impossible that the deep strata fpund in many 
places could have been formed within the narrow period 
assigned by the sacred history. The whole earth, indeed, 
seemed to bear such marks of antiquity, as could not be 
reconciled with any hypothesis of its recent origin. Time 
was therefore wanted ; for the cosmogonist found that it 
was impossible to bound his spectilations within the con- 
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fined limits allowed by Moses. It was consequently 
necesBftiy that he should either come out boldly, and deny 
that authority, or invent some new interpretation of the 
text, by which the scope of his retrospective vision should 
be free and unbounded 

702. Whiston's proposition. — In this dilemma, the cele- 
brated theorist Whiston, in 1696, proposed that the hook of 
Genesis should he so interpreted as to allow geologists full 
scope for their cosmogonies, without being suspected of 
heretical opinions; and thus were the Scriptures made to 
bow down before geology. 

703. The chufeh at the present day hannno fears of gtoiogy. 
— It must be remembered that it was in the infancy of 
geology, thai the ministers of religion were afraid that 
such investigations would encourage infidelity, by the dis- 
covery of facts which could not be explained so as to 
accord with Scripture history. At the present time, when 
geology is reduced to a regular and important science, and 
when the progress of discovery, in its several branches, is 
not only seen with approbation by Chriaiian philosophers, 
but its investigations are carried on by men of superior 
minds and attainments, including many of the sacred pro- 
fession, there is no longer any fear that the structure of 
the earth, when described by learned and sincere men, will 
appear io collision with (he history of the creation, or that 
science and rehgion will not harmonize in all their relations. 

704. Dr. Biicklaiid on the consistency of geology and tie 
Scriptures. — " Ic would seem just matter of surprise, that 
many learned and religious men should regard with jeal- 
ousy and suspicion the study of any natural phenomena, 
which abound with proofs of some of the highest attri- 
butes of the Deiiy ; and should receive with distrust, or 
total incredulity, the announcement of conclusions, which 
the geologist deduces from careful and patient investiga- 
tions of the facts which it is hia province to explore. 
These doubts and difficulties result from the disclosures 
made by geology, reapeciiug the lapse of very long periods 
of time before the creation of man. Minds which have 
long been accustomed to date the origin of the universe, as 
well as that of the human race, from an era of about six 
thousand years ago, receive reluctantly any informalion, 
which, if true, demands some new modification of their 
present ideas of cosmogony ; and as, in this respect, geol- 
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ogy has shared the fate of other infant sciences, in being 
for a while considered hostile to revealed religion ; so like 
them, when fully understood, it will be found a ]X)tent and 
consistent auxiliary to it, exalting our conviction of the 
power, and wisdom, and goodness of the Creator." — Bd.p. 1 8. 

705. No discrepancy between the wards, and the works of 
God. — ^ No reasonable man can doubt that all the phe- 
nomena of the natural world derive their origin from God ; 
and no one who believes the Bible to be the word of Gk)d, 
has cause to fear any discrepancy between this, his word, 
and the results of any discoveries respecting the nature of 
his works ; but the early and deliberate stages of scientific 
discovery are always of perplexity and alarm, and during 
these stages, the human mind is naturally circumspect, 
and slow to admit new conclusions in any department of 
knowledge. The prejudiced persecutors of Galileo appre- 
hended danger to religion from the discoveries of a science, 
in which a Kepler and a Newton found demonstrations of 
the most sublime and glorious attributes of the Creator." — 
Bd. p. 19. 

706. Inspiration and nature do not differ. — Now, we have 
the satisfaction of believing, with Dr. Buckland, that the 
systems of inspiration and nature have both emanated from 
the same divine authority, and that, when both are rightly 
imderstood, they will coincide with each other ; and it will 
be our object to show, in the following pages, that even 
taking the Scriptures in their most obvious meaning, there 
is still no want of harmony between them and natural 
phenomena — at least so far as relates to geology and the 
Mosaic history. 

CREATION OF HEAVEN AND EARTH. 

707. Genesis i. 1. — ^''In the beginning, God created the 
heaven and the earth." — That is, in the beginning of time, 
the esurth was created ; for, before this creation, there was 
nothing by which time could be measured: all was 
eternity. 

708. This creation distinct from what follows. — The 
terms here employed, and the full period which the sen- 
tence requires, seem to indicate that the language is 
intended to show that the creation here referred to, had no 
connection with what follows. 

The creation of the heaven and the earth must there- 
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fore, we think, be considered a separate and independent 
act, from those which afterwards set the sun and moon in 
their places, and called into existence the beings hy which 
the earth was inhabited. 

709. We know nothing of the period of this creation. — 
How long before the six days' work, described by Moses, 
the heavens and the earth were created, we are not 
informed, and, therefore, all speculation on this point is 
useless. Had it been important for man to know the dis- 
tance between these two periods, it would have been com- 
municated to the historian, and recorded for his benefit. 
All the knowledge we possess concerning this period is, 
that it extends from the ^ beginning," down to the time 
when God said ^ Let there be light ;" this being the first 
act of creation described by Moses. 

710. Ample time here for geological speculations. — From 
the " beginning," therefore, down to the creation of the sun, 
we see no reason why geologists may not take the ad- 
vantage of an indefinite period of time, without encroach- 
ing in the least on Scripture authority. Instead of con- 
sidering a Mosaic day — that is, from morning to evening — 
a time of indefinite length, and thus making six indefinite 
periods, as some geological writers have done, we see here 
no difiiculty in obtaining a period of sufficient length for 
the speculations of any world-maker, and that, too, by at 
least negative Scripture authority, provided his retrospec- 
tive vision does not extend beyond the ^ beginning." 

711. Verse 2. " The earth was without form and void, 
and darkness was upon the face of the deep." 

The meaning of this verse appears to be, that from the 
beginning — that is, from its creation down to the time of 
Moses — the earth had been in a dark and unformed, or cha- 
otic state. It had not been brought into a condition fit for 
the residence of man, and other animals. It was probably 
in total darkness, for the light had not yet been called into 
existence. It appears also to have been surrounded by water, 
since the " deep " (that is, the sea, not the earth,) is spoken of. 

712. Vebse 3. "And Grod said, Let there be light ; and 
there was light :" in Hebrew, " light was." 

Whence did the first light emanate. — This is the first act 
of creation in the series afterwards described by the his- 
torian, and various opinions have been advanced concern- 
ing the nature of this light, and the source whence it pro- 
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ceeded. Some have supposed that it was electrical, and 
others phosphorescent ; and, in either case, that it did not 
emanate from a fixed point, but that it was diffused through 
the space surrounding the earth. Others have ascribed it 
to a meteor, which was created for the purpose of enlight- 
ening the earth during the first three days, and before the 
sun was created. But there is neither authority nor 
analogy for such a supposition ; and it would even be der- 
ogating from the wisdom and power of Him who, three 
days after, set the great lights in the firmament, to believe 
that He should have created an evanescent one, for the 
use of the earth, while as yet it contained neither plant 
nor animal. 

Verses 4, 5. " And Grod divided the light from the dark- 
ness." " And the evening and the morning, were the first 
day." 

713. The light must have come from a fixed point. — 
Whatever might have been the source whence this light 
came, it is evident, yrom this declaration, that it could not 
have been generally diffused around the earth ; for had this 
been the case, it is impossible for us to comprehend how it 
could have been divided from the darkness. On the con- 
trary, the terms of the record leave no doubt that at this 
time the earth had already commenced her diurnal revolu- 
tions ; and the light, emanating from a fixed point, the sim, 
was divided from the darkness, by the first s\iccession of 
day and night. This is, in truth, afiirmed by what next 
follows : ^ And God called the light day^ and the dark- 
ness he called night V 

714. Verse 6. "And God said let there be a firmament 
in the midst of the waters, and let it divide the waters 
from the waters." 

The meaning of firmament. — The original Hebrew word 
means expansion. It is rakaiah, which comes from a root, 
signifying to stretch out^ or expand like a curtain. — Bush 
on Genesis. 

Verse 8. "And Grod called the firmament heaven." 
It is apparent that Moses intended to adapt his account 
of the creation to unlettered common sense, and to describe 
natural events as they would have struck the eye of a 
common observer, had he been present at the creation, and 
witnessed the several events. Hence, the firmament is 
called heaven^ because it is placed over our heads ; and for 
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the same reason, the sun, moon, and stars, are said to be 
placed in the firmament. Now, heaven, as the word is 
here employed, means nothing more than the blue vault 
of the skj, and therefore is synonymous with firmament. 
Firmament is the atmosphere which we breathe, and 
which, science has taught us, reaches to the height of 
about 45 miles, from every part of the earth's surface. 

Now, the stars are millions of miles beyond this firma- 
ment ; but since they are seen through^ they appear to us 
to be placed in it, and the Mossdc histor}*^ is adapted to 
this illusion. 

Verse 7. " And God made the firmament, and divided the 
waters which were under the firmament, from the waters 
which were above the firmament." , 

715. Water absorbed by the atmosphere. — By this act, 
the atmosphere was made to absorb a part of the waters 
which had previously surrounded the earth, and thus to 
elevate them above its surface. The quantity of moisture 
contained in the atmosphere, differs greatly in dififerent 
countries, and at dififerent times ; but that it is capable of 
elevating large quantities of water, is sufliciently proved 
by the profusion of rain which falls from it to the earth. 

The atmosphere is incapable of absorbing any of the 
sohd ingredients with which the water on the earth, or in 
the sea, is mixed ; a striking mark of design, for were the 
salt of the sea, as well as many light materials of the 
earth, taken up with the water, and sent down in the form 
of rain, not only most of the vegetable kingdom would be 
destroyed, but also all terrene animals. 

716. Ver. 16-18. "And God made two great lights, 
the greater light to rule the day, and the lesser light to 
rule the night ; he made the stars also." " And set them 
in the firmament of the heaven, to give light upon the 
earth, and to rule over the day." 

This was the fourth day*s work. 

717. Difference between '^made^^ and ^^ crecUeV — The 
original of the word made^ is not the same with that 
rendered create. The latter term signifies reform^ or 
renovate^ while the former more often implies constituted^ 
or set apart. — Bush on Genesis. 

Sun and moon made to appear. — The language does not, 
therefore, necessarily imply, that the sun and moon were 
created on the fouilYi d».^^ Wt only that they were made 
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to appear, and act as rulers over the day and night, at 
that time. If we believe that Moses stated the story of 
the creation, as it would have appeared to human eyes at 
the time, as already supposed, these luminaries would, 
undoubtedly, have seemed a new creation ; when, in truth, 
they might have existed from the instant when God said, 
« Let there be light." 

718. Earth surrounded with vapors. — We infer that the 
sun might have existed, without being seen, from the 
circumstance that the newly-renovated earth must have 
been surrounded with dense vapors, since, imtil the third 
day, when the land appeared, the atmosphere rested on a 
continuous ocean of water. The mist, spoken of after- 
wards, shows that the earth supplied the atmosphere 
with abundance of moisture, for some time after the land 
appeared. Hence, there is nothing to prevent the supposi- 
tion, that the clouds of moisture prevented the sea from 
being seen until the fourth day, when these were con- 
densed or swept away, and the sun shone, for the first 
time, in all his glory ; and, to a witness of the circum- 
stances, this would have appeared as a new creation. It is^ 
therefore, not incompatible with the terms of the history, 
to beheve that when God said, " Let there be hght," the 
Bun came into existence, though it did not shine upon the 
earth until the fourth day. 

719. Signs, seasons, days and years. — Besides dividing 
the light from the darkness, and niling the day, the sun 
and moon were to be for ^ for signs, and for seasons, and 
for days, and years." 

The seasons.^^The vicissitudes of the seasons are 
caused by the revolutions of the earth around the sun, 
together with the obliquity of the earth's axis. It is, 
therefore, well known that it is by the real motion of the 
earth around the sun, instead of the apparent motion of 
the sun, that the chanjges are produced. The language, 
however, is in conformity with that employed in the other 
parts of the history, the appearances being described 
without reference to their real causes. 

720. The word " day." — That the historian here meant, 
by the word day, the time included between two settings 
of the sun, or a period which we call 24 hours, instead 
of an indefinite period, as some have cleiimed, for the 
days of creation — that by the word seasons^ he meant 
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the common seasons of the year ; and that by this tenn 
was signified from spring to spring again, we believe no 
one will deny, who desires to give the Scriptures a fair 
and honest interpretation. 

721. Verse 20. " God said, Let the waters bring forth 
abundantly the moving creature that hath life, and fowl 
that may fly above the earth in the open firmament of 
heaven." 

722. Creeping instead of moving. — Ck>nmientators say 
that this is often rendered creeping, instead of moving 
creatures. The word is said to be derived from a veib^ 
which signifies to hxing forth abundantly, so that the trans- 
lation ought not to be creeping, but the rapidly-multiplying 

CREATURES. 

The meaning is obviously intended to include the 
larger reptiles, as well as all the small animals inhabiting 
the sea, as insects, worms, and shell-fish, many tribes of 
which are known to be exceedingly prolific. 

723. Creation of the mammalia and man, — On the sixth 
and last day of the creation, the beasts of the earth, cattle 
after their kind, and lastly man, were brought into exist- 
ence. The "beast," and " cattle," are supposed to include 
that whole class of the animal kingdom, now called 
mammalia, or milk-giving quadrupeds, the amphibious 
quadrupeds having been created on the fifth day. 

MOSAIC AND NATURAL SYSTEliS OF PLANTS. 

724. It is a singular and remarkable fact, we believe 
not hitherto noticed by any writer, that there is a striking 
coincidence between the divisions of the vegetable king- 
dom, as described by Moses, and the most perfect natural 
systems of Botany of the present day. 

After the earth was prepared for vegetation, " God said. 
Let the earth bring forth grass, the herb yielding seed, 
and the fruit-tree yielding fruit after his kind, whose seed 
is in itself, upcMi the earth ; and it was so." — v. 1 1. 

Instead of grass, the Hebrew means tender, or budding- 
grass* or grass sprouts, (marginal reference,) thus appa- 
rently intending to inchide all the small, or inferior plants, 
with which the earth is clothed, and which, to common 
observation, spring up without seeds, or are propagated by 
the roots. Many low plants, of the moss tribes, also bear 
capsules, which appear Uke buds, {budding-grass^) though 
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tliej produce no flowers or visible seeds ; and these, in 
popular language, would come under the general denomi- 
nation of " grass." 

• 725. Cryptogamia, — The terms, therefore, warrant us 
in the conclusion, that in this division, the author intended 
to embrace generally, those plants which give verdure to 
the fields, but whose seeds were concealed, or not apparent, 
and thus to distinguish them from the herb-jdelding seed, 
or those whose seeds form the most obvious part of the 
plant. This division would, therefore, embrace those 
tribes now known by botanists under the title of Ciyptoga- 
mous, or flowerless plants, (61.) 

726. Monocotyledons. — The '^ herb-yielding" seed, by 
the most obvious construction, applies to the grand natural 
division of plants, now called Monocotyledonous, or such 
as produce seed with a single lobe, (63,) as irheat, barley, 
hroom-com^ rye, millet. &c. Hence, " seed-yielding plants " 
would be a very obvious and natural distinction of this 
order, the seeds themselves being the most conspicuous 
part of the plants, and would most readily separate them 
from the cryptogamia, where no seeds are to be seen. 

727. Dicotyledons. — "• The tree yielding fruit, whose 
seed is in itself," that is, in the fruit, is a description which 
clearly proves a third grand division of the vegetable 
kingdom. This division was, undoubtedly, intended to 
include the larger vegetables or trees ; and the description 
applies with singular accuracy to many of the most 
common fruit-bearing plants in all parts of the world. 
The apple^ pear, peach, almond, grape, bread-fruit, orange^ 
chestnut, oak, bean, pea, and many other domestic, as well 
as forest plants, which, from the most ancient times, have 
been known, and most highly esteemed, bear their seeds 
within their fruits, and are thus naturally distinguished 
fiom wheat, barley, oats, and other plants of this kind, 
where the seeds are apparent to the sight. This division, 
therefore, corresponds to the present class in natural 
botany, called dicotyledonous, (64,) or plants with two 
seed-lobes, and which class includes many of the most 
important vegetables in every temperate climate. 

628. Conclusion. — Thus do we arrive at the most re- 
markable, and, indeed, surprising fact, which we believe 
no naturalist has before noticed, that the three grand 
divisions of the vegetable kingdom, made by the Scrip- 
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tures. not onlv bear analogy to the most improved natural 
BT^tem of boianv at the present day. but that the two sys- 
tems are. in the outhne, identical : and it is woithy of 
notice, that the existence of this analocrv is owin^: to the 
perfection to which natural botany has been brought, by 
the recent investigations of profound naturalists. 

Thus do philosophers, unawares, confirm the inspiration 
of the Holy Sciiptuies: for there is not the shghtest proba- 
bility that the svstem of Moses could have been founded 
on any practical knowledge of botany, at least as a sys- 
tem; and^ therefore, such an arrangement could not have 
been derived from any human sourca 

DATS OF CREATION. 

We have already noticed that some geological writers 
have proposed to gain time for the formation of stratified 
rocks, by extending the days of creation to indefinite pe- 
riods. It is believed that no one will deny, that whatever 
may be said of the prophecies, the narratives of the Old 
Testament were intended, bv their authors, to be under- 
stood by ordinary capacities : nor will it be claimed that 
the author of Genesis has been so inconsistent with 
himself, as, on that account, to raise a suspicion of his 
veracity. 

If an author uses the same terms in different places, and 
apparently in the same sense, we are bound to believe that 
he means the same thing in every case. If he intends to 
convey different ideas by the same terms, standing in sim- 
ilar connections, and this without warning his readers, he 
cannot be a correct writer, because he is not only incon- 
sistent with himself, but cannot be understood. 

Now, in applying these propositions to the author of 
Gtenesis, we there find that in his narrative of the work of 
creation, he states that the whole was performed in six 
days, each day's work being described by itself, and every 
day carefully numbered, that in so important a work, there 
should be no doubt with respect to the succession of the 
several creations, or the time when the whole was finished. 

The same author has also written a narrative of the 
destruction of the ancient world by a flood of water. In 
this he states that "the flood was forty days upon the 
earth ;" or, that it rained forty days, and that "the waters 
prevailed upon the eatlVv ;itv hundred and fifty days?^ 
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Now, these historical events being from the same pen — 
being also in connection, as parts of the same general 
history, and the word day, being employed in the same 
unqualified manner in both — no reader can doubt, if the 
common translations convey the meaning of the historian, 
that he intended that the same word should be understood 
to signify the same period of time in both narratives. 

Prom the statements of Moses, therefore, we are as fully 
entitled to the belief, that the waters of the deluge pre- 
vailed upon the earth for an indefinite period, or, that a 
day of the deluge was a thousand years, and thus, that 
its waters covered the earth for the term of 150,000 years, 
as we are to believe that a day of the creation was a 
period of 1,000 years, and thus that 6,000 years were oc- 
cupied in the work of creation. 

Besides, if these days were periods of 1,000 years, how 
can it be said that the sun and moon were to be ^for signs, 
and for seasons, and for day, and years;" and what 
must the author have understood the length of these 
several periods to be? 

Again : "Six days shalt thou labor, and do all thy work, 
but the seventh day is the sabbath of the Lord thy God ; in 
it thou shalt not do any work." ^^For in six days the Lord 
made heaven and earth, the sea, and all that in them is, 
and rested the seventh day. Wherefore, the Lord blessed 
the sabbath day, and hallowed it." — Ex. xx. 

No one will deny that this commandment was expressly 
founded on the fact, that the work of creation, described 
by Moses, was finished in six days, and that this command- 
ment was to be in imitation, and perpetual commemoration 
of that event. ^Six days shalt thou labor, and do all thy 
work." ^"For in six days the Lord made heaven and 
earth." 

Now, Christians universally believe that this command- 
ment was meant, by the Creator, to enforce on them the 
duty of resting from their labors every seventh day, in 
commemoration of his example, after the work of the 
creation. But we would inquire of those who contend 
that geology makes it necessary to extend these days to 
1,000 years, how men, with lives of only three score and 
ten years, can fulfil this commandment? 

Besides, do we not impudently derogate from the al- 
mighty power of Him who "spake, and it was done?" 
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who Baid, "Let there be light, and light was!" and "who 
created all things by the word of his power," by supposing 
that such a God was occupied thouBaads of years in cre- 
ating this little eaith, aod the beings which inhabit it ! If 
the stare are suns to other planetary systems, what a 
mote our world must be, in comparison with the wholel 
And yet the Creator of the '- heavens and the earth," no 
doubt, hfid the power of bringing the whole into eiciatence 
in an instant of time. Otherwise, His power could not 
have been infinite and almighty, la it not, then, a virtual 
denial of His wisdom and strength, to declare that the 
structure of the earth shows that thousands of years were 
occupied in doing what the same power might have done 
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A0SPHAL0U8. The Aoephala are that divinon of molluficous animals whicb, 
like the oyster and scallop, are withoat heads. The class Acephala of Cuvier 
comprehends many genera of animals with bhralve shells, and a few which 
are devoid of shells. Etym.^ a, a, without, and KS^oKti, eephaU, the head. 

AcmuLOUs. Slightly acid. 

AoiPOCBRB. A substance apparently intermediate between fat and wax. into 
which dead animal matter is converted when buried in the earth, ana in • 
certain stage of decomposition. Etym.j adepts fat, and cereit wax. 

Albits. See ^ Feldq>ar. ''^ 

Albmbio. An apparatus for distilling. 

Aloje. An order or division of the cryptogamic class of plants. The whole of 
the sea-weeds are comprehended under this division, and the application of 
the term in this work is to marine plants. Etym., alga, sea-weeo. 

Alluvial. The adjective of alluvium, which see. 

Allttvion. Synonymous with alluvium, which see. 

Alluvium. Earth, sand, gravel, stones, and odier transported matter, which has 
been washed away and thrown down by rivers, floods, or other causes, 
upon land not permanently submerged beneath the waters of lakes or seas., 
Etym.j oBuo, to wash upon, or alluvto, an inundation. 

Alum-stons, Alumbn, Alumikous. Alum is the base of pure clay, and strata 
of clay are often met with containing much iron-pyrites. When the latter 
substance decomposes, sulphuric acid is producra, which unites with the 
aluminous earth of the clay to form sulphate of alumine, or common alum. 
Where manufactories are established for obtaining the alum, the indurated 
beds of clay employed are caUed Alum-stone. 

Ammonitb. An extinct and very numerous genus of the order of molluscous 
animals called Cephalopoda, a^ed to the modern genus Nautilus, which 
inhabited a chambered shell, curved like a coiled snake. Species of it are 
found in all geological periods of the secondary strata ; but they have not 
been seen in the tertiary beds They are n&med from their resemblance to 
the horns on the statues of Jufriter Ammon. 

Amorphous. Bodies devoid of regular form. Etym.j a, a, without, and /lopi^iif 
morphej form. 

AMTODALom. One of the forms of the Tr^-rocks, in which agates and wmple 
minerals i^pear to be scattered like almonds in a cake. Etym.j a^v^^oaAa, 
amygdakh an almond. 

AifALCiMB. A simple mineral of the Zeolite family, also called Cubizite, of fire*, 
quent occurrence in the Trap-vocks. 

Analooub. A body that resembles or corresponds with another body. A 
recent shell of the same species as a fossil shell is the analogue of the latter. 

Anoplothbrium. A fossil extinct quadruped^ belonging to the order Pachyder- 
mata, resembling a pig. It has received its name tNecauss th^ anim^ '^'^. 
have been singularly wanting in means of defense, from the form of its teeth' 
and the absence of claws, hoofs, and horns. Btym.j avorrXoij anoploBj on 
armed, and Briptov^ therionj a wild beast. 

Antagonist Powbrs. Two powers in nature, the action of the one counMf*' 
acting that of the other, by which a kind of equilibrium or balance is mam- 
tained, and the destructive effect prevented that would be produced by oat 



operating without a cheek. 
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▲srrsxvjB. The aiticalated horns with which the heads of insects are invariaUy 
lurnlshed. 

AxTHKACiTB. A shiniDr eulMtsnce, like black-lead; a species of mineral char- 
c oal Etym . . aiSp a|. an / A rax. c oiil. 

▲xTBH ACO rHxiKirai A name ii\ en to an extinct quadruped, soppoeed to belong 
to tt:e P.schyderinata. the bones of wh:ch were first found in lignite and coal 
of I lie tertuti? scrata. Etym., a¥6pa^. anthrax^ coa!, and drjpiov^ <Ae/-io»», wild 
beuist. 

AxTHitopoMORPHors. HaviniT a form reiiembling the human. Etym.j avOpiowof^ 
aH!hr%fpvs. a man, and /lopi^ii, morpke, form. 

AvTisEPTio. Substances which prevent corruption in animal and vegetable 
mjtterf as common salt does, are said to be antiseptic. Etym.^ am, againtt^ 
vfvw. Mpo, to potrily. 

▲■KSCACBors. Sandy. Etym., arena^ sand. 

AaoiiXACBOi'S. Clayey, composed o( clay. Etym..argiUa^ claj. 

Abragoxitb. a simple mineral, a variety of carbonate of lime, so called firotn 
hAving been first found in Arragou. in Spain. 

Atoixs. Coral Mmnds of an annular form, or consisting of a circular strip ot 
r.ng of coral surrounding a central lagoon. 

AroiTB. A s.mple mineral, oi a dark green, or black color, which forms a con- 
st .tuent part of many var:et:e8 of volcanic rocks. Name applied by Pliny 
to a particuiar mineral, from the Greek dvyif, ai^e, lustre. 

▲▼ALAxcHss. M.isees of snow, which, be.ug detached from great heights in the 
Alps, acquire enormous bulk by fresh accumulations as tliey descend ; and 
when thev fidl mto the valleys below, oflen cause great destruction. Tliey are 
also called tautnges, and laranches, in tl)e dialects of Switscerland. 

Basalt. One of the most common varieties of the Trap-rocks. It is a dark 
green or black stone, compoFed of augiie and feldspar, very compact in tex- 
ture. and of considerab!e hardness, often found in r^ular pillars, of three or 
more sides, called basaltic columns. Remarkable examples of this kind are 
seen at the Grant's Cant?eway. in Ireland, and at FingaPs Cave, in Sttaffa, one 
of the Hebrides. The term fs used by Pimy. and is said to come from btual^ 
an Ethiopian word, signifying iron. 'Tlie rock often contains much iron. 

"Basis"' of Paris, '' Basin" of London. Deposits lying in a hollow or trough, 
formed of oLIer rock ; sometimes u&ed in geology- almost synonymously with 
»• formations,"' to express the deposits lying in a certain cavity or depression 
in older rocks. 

Bblemnite. An extinct genus of the order of moshitTOKS animals, called Cepha- 
lopoda, havini; a long, stniight. and chambereil conical Khell. Etym.^ 
ptkt\iv9v belemnon. a dart. 

BrruMEN. Mnieral pitch, of wlixh the tar-like substance which is often seen to 
ooze out of the Newcastle coal when on the fire, and which makes it cake, is 
a good example. Etym.. bitumen, pitch. 

Bituminous Shalk. An argillaceous shale, much impregnated with bitumen, 
which is very common in the Conl Measures. 

Blbnde. a metallic ore. a compound of the metal ziuk with sulphur. It is often 
found in brown shining crystals ; hence its name among the German miners, 
firom the word blenden, to dazxie. 

Bluffs. High banks, presenting a precipitous front to the sea or a river. A 
term used in the United Sta'es of^ North America. 

BoTRYOioAL. Resembling a bunch of grapes. Etyni.. 0oTpviy botrys, a bunch 
of grapes, and etdoij eidos, form. 

Boulders. A provincial term for large rounded blocksof stone, lying on the sur- 
face of the ground, or sometimes imbedded in loose soil. din*erent in compo- 
sition from the rocks in their vicinity, and which have been therefbre trans- 
ported from a distance. 

Brec CIA . A rock composed of angular fragments, connected together by lime or 
other mineral substance. An Italian term. 

Calc Sinter. A German name for the deposits from springs holding carbonate 

of lime in solution— petrifying springs. Etym.. kalky lime, sinterfty to drop. 
Calcaire Grossier. An extensive stratum, or rather series of strata, found in 

the Paris Basin, belonging to the Eocene tertiary period. Etym., ealcnittt 

limestone, and grassier, coarse. 
Calcareous Rock. Limestone. Etym , calx. lime. 
Calcareous Spar. Crystalized carbonate of lime. 
CALGBPomr. A silicious simple mineral, uncrystalized. Agatee are partly 

composed of calcedony. 
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CiiBOit. An andeeompoaed inflammable Rubatance, one of the aimple element- 
ary bodiea. Charcoal ia almost entirely compoa»d of it Etym.y carho, coal. 

Carbonatb of Limb. Lime combines with great avidity with carbonic acid, a 
faseoos acid, only obtained fluid when united with water : and all cumbiua- 
tlona of it with otner substances are called Carhonatea. AH limestones ar« 
carbonates of lime, and quick-lime is obtained by drivinf off the ctffoonic 
acid, by heat. 

Cakbonated Spbinos. Spriiura of water, containinff carbonic acid fras. They 
are very common^ especially in volcanic countries ; and sometimes contam 
so much gas, that if a littl^ugar be thrown into the water it effervesces like 
aoda-water. 

Cabbonic Aom Gas. A natural kbs, which often issues from the ground, eqie- 
cially in volcanic countries. Efym.j carboj coal ; because the gas is oMained 
by the slow burning of charcoal. 

Cabbonifbrous. a term usually applied, in a technical sense, to an ancient 
group of secondury strata ; but any bed containiiu[ coal may be said to ba 
carboniferoua litym., earbo^ coal, and/ero, to bear. 

Cataclysm. A deluge. Etftn., rariurXv^a), catacluxo, to deluge. 

(^CPHALOPODA. A claisB of molhiscous animals, having their organs of motion 
arranged round their head. Etym,^ Kt^a\ii, cepkcue^ head, and xoSa^podOy 
feet. 

Obtaoba. An order of vertebrated mammiferous animals, inhabiting the sea. 
Tbe whale, dolphin, and narwal are examples. Etym.ycete^ whale. 

Cbalk. a white earthy limestone, the uppermost of the secondary series of 
strata. 

Crbrt. a silicious mineral, nearly allied to calcedony and flint, but leas homo- 
geneous and simple in texture A gradual passage'from chert to limestone is 
not uncommon. 

(^LOBiTio Sand. Sand colored green by an admixture of the simple mineral 
chlorite. J?/ynt., x^biiioiy ehhrot, green. 

Clbavaob. Certain rock?, usually called Slate-rocks, may be cleaved into an 
indefinite number of thin laminss, which are parallel to each other, but whieh 
are generally not parallel to the planes of the true strata or layers of deposi- 
tion. The planes of cleavage, tlierefore. are distinguishable from those of 
stratification. 

Clink:stone, called also phonolite, a feldspathic rock of the trap-family, usually 
fissile. It is sonorous when sti-uck with a hammer, whence its name. 

Coal Formation. Tliisterm is generally understood to mean the same as the 
Coal Measures, or Carboniferous group. 

CoLEOPTBRA. An ordor of injects (Beetles) which have four wings, the upper 
pair being crustaceous, and forming a shield. Etym.^ «roXco(, co&oa^ a sheath, 
and irrtpov, pteron, a wing. 

CoNFORMABLB. When the planes of one set of strata are generally parallel to 
those of another set, which are in contact, they are said to be conformable. 
See Lign. 79. 

CoNOBNBRS. Species wh'ch belong to the same genus. 

CoNOLOMBRATB, or PuDDiNO-sTONB. Roundcd Water- wom fragments of rock or 
pebb'es, cemiented together by another mineral substance, which may be of a 
silicious, calcareous, or argillaceous nature. Etym.^ eorty together, ^tomero, 
to heap. 

CoNtFBRA. An order of plant<>, which, like the fir and pine, bear cones or tops, 
in which the seeds are contained. Etym., contts^ cone, and fero^ to bear. 

CosMOOONT, CosMOLOOT. Words synonymous in meaning, applied to ajwcular 
tions resnpecting the first origin or mode of creation of the earth. Etym.^ 
KOOfioSj ko9mo»f the world, and yovri, gonee^ generation, or \oyoSt ^m, 
-discourse. 

Cbao. a provincial name in Norfolk and Suffolk for certain tertiary deposits^ 
UBually composed of sand with ^ells, belonging to the Older Pliocene period. 

Cbatbr. The circular cavity at the summit of a volcano, from which the vol* 
canic matter is ejecred. Etym., crater^ a great cup or bowl. 

Crbtacbous. Belonging to chalk. Etym.^ crefa, chalk. 

Crop Otrr. A miner's, or mineral surveyor's term, to express the rising up, or 
exposure at the suiifisu^e, of a stratum or series of strata. Lign. 76. 

Crust op thk Earth. S^e *' Earth's crust." 

Crustacba. Animals having a shelly coating or crust, which they cast periodi- 
cally. Crabs, shrimps, and lobsters, are examples. 

Crtptooamio. a name applied to a class of plants, such as ferns, mones, sea- 
weeds, and fiingi, in which the fructification or organs of reproduction ara 
coDceatod. Etym., Kfivvrot, krypUa, concaaM, and ya/ieff, gwno9, l|lv^ 
riage. 
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OsTSTALi. Biiiq»Ie mio^ralB are frequently found in regular forma, with facate 

like the dropa of cut-glass of cliandeliers. Quartz oeing often met with in 

rocka in sucn forms, and beautifully transparent, like ice, was called rock- 

erjfataU^KpvffraKXos, crystailos. being Greek for ice. Uenco, the regular 

form* of other minerals are called crystals, whether they be clear or opake. 

Cbtbtalissd. a mineral, which is found in regular fonns, or crystals, is said to 
be crystaliKed. 

Cktbtalinb. The internal texture whicli regular crystals exhibit when broken, 
or a confused assemblage of ill-defined crystals. Loaf-sugar and statuary- 
marble have a cryataline texture. Bugar-c^dy and calcareous spar are 
crystalized. ^ 

CuFKirBRODS. Copper-bearing. Etym. ci^>rum, copper, and fero^ to bear. 

Ctcadbjb. An order of plants, which are natives of warm climates, mostly 
tropical, edthough some are round at the Cape of Good Hope. They have a 
short stem, surmounted by a peculiar foliage, termed pinnated fronds, by 
botanists, which spreads in a circle. The term is derived from rvrof , eyoew, 
a name applied by the ancient Greek naturalist, Theoplurastus, to a palm. 

Ctpbragbjb. a tribe of plants, answering to ttie English sedges ; the^ are dis- 
tinguished from graesi^s by their stems being solid, and generally triangular, 
instead of bein^ nollow and round. Togettier with gratninetB, they con- 
stitute what writers on botanical geography often call glumaceat, 

Dbbaolb. a great rush of waters, which, breaking down all opposing barriers, 
carries forward the broken fragments of rocks, and ^reads them in its 
course. Eiytn.^ dibader, French, to unbar, to break up, as a river does at 
the cessation of a long-conthmed frost. 

Dblta. When a great river, before it enters the sea, divides into separate 
streams, tliey often diverge, aud form two sides of a triangle, the sea being 
the base. The land included by the three lines, and which is invariably 
alluvial, was first called, in tlie case of the Nile, a delta, from its resemblance 
to the letter of the Greek alphabet which goes by that name, A. Geologists 
apply the term to alluvial land formed by a river at its mouth, without refer- 
ence to its precise shape. 

DBNunATiON. The carrying away by the action of running water of a portion of 
the solid materials of the land, by wh ich inferior rocks are laid bare. Jr/ym., 
denude^ to lay bare. 

Dboxtdized, DBOxTDATBn. Deprived of oxygen. Disunited ^om Oxygen. 

Dbsiocation. The act of drying up. Etym.^ desicco, to dry up. 

Dbtritus. Matter worn or rubbed off from rocks. Etmy., de^ from, and tero. 
tomb. 

DicoTYLBDONous. A grand division of the vegetable kingdom, founded on 
the plant having two cotyledons, or seed-lobes. Etytn., <Jif, dia, double, 
irorvAi?doy, cotyledon. 

Dikes. When masses of the unstratified or igneous rocks — such as granite, trap, 
and lava— appear as if injected into rents in the stratified rocks, cutting 
across the strata, they form dikes. They are sometimes seen running along 
the ground, and projecting, like a wall, from the softer strata on both sides 
of them having wasted away^ ; whence they were first called, in the north of 
England and in Scotland, dikes— a. provincial name for wall. It is not easy 
to draw the line between dikes and veins. The former are generally o( 
larger dimensions, and have their s des parallel for considerable distances; 
while veins have generally many ramifications, and these often thin away 
into slender threads. Z.T^n. 80. 

Diluvium. Those accumulations of gravel and loose materials, which, by some 
geologists, are said to have been oroduced by the action of a diiuvian wave 
or deluge sweeping over the surface of the earth. Etym., dUuviumy deluge. 

Dip. When a stratum does not lie horizontally, but is inclined, it is said to dip 
towards some point of the compass, and the angle it makes with tlie horizon 
is called the angle of dip or inclination. Lign. 76. 

DuP'^R-*^* An order of insects, comprising those which have only two wings. 
Efym.f ots, die, double, and nrepovy pterotty wing. 

DoLKRiTB. One of the varieties of the Trap-rocks, composed of augite and 
feldspar. 

Dolomite. A crystaline limestone, containing magnesia as a constituent part. 
Named after the French geologist, Dolomieu. 

DuOTs. Low hills of blown sand that skirt the shores of Holland, England, 
Spam, and other coumries. 

Bakth'b Orubt. Such Huperftcial parts of our planet as are accessible to haman 
obsBrration. 
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Gault. a provincial name, in the east of England,- for a eeries of beds of day 
and marl, the feologlcal pontion of which is between the Upper and Low« 
Green-sand. 

Oavial. a kind of crocodile, found in India. 

Geh, or GKMmrLR, from the Latin gemma, a bud. The term, applied to 
zoophytes, means a young animal not confined within an envelop or egg. 

GxoLOOT, Gboonost. Both mean the same thing ; but with an unnecpssary 
degree of refinement in terms, it has been proposed to call our description of 
the structure of the earth, geognosy. (Etym., >^ea,^ea, and ytvoiVKta, ginoteo, 
to know,) and oiu* theoretical speculations, as to its formation, geology^ 
(Btym.^ vca, and \oyoi, logos, a discourse.) 

Glacier, vast accumulations of ice and hardened snow in the Alps and ottMf 
lofty mountains. Etym., glace^ French for ice. 

Glacis. A term borrowed fh>m the language of fortification, where it means an 
easy insensible slope or declivity, less steep than a talus^ which see. 

Gneiss. A stratified primary rock, composed of the same materials as granite, 
but having usually a lugger proportion of mica and a laminated texture. The 
word is a German miner's term. 

Gramimbjb. The order of plants to which grasses belong. JE?(ym., gttanen, 
grass. 

Granite. An unstratified or igneous rock, generally found inferior to, or 
associated with the oldest of the stratified rocks, and sometimes penetrating 
them in the form of dikes and veins. It is usually composed of three simple 
minerals, feldspar, quartz, and mica, and derives its name from having a 
coarse granular structure ; granum, Latin for grain. Westminster, Wafer- 
loo, and London bridges, and the paving-stones in the carriage-way of the 
London streets, afford good examples of the most common varieties of 
granite. 

Gbatwackb. Gravtoacke, a German name, generally adopted by geologists for 
some of the most ancient fossiliferous strata, liie rock is very onen of a 
gray color ; hence the name, grau, being German for gray, and waeke being 
a provincial miner's term. 

GREENSANn. Beds of sand, sandstone, limestone, belonging to the Cretaceous 
Period. The name is given to these beds, because they often, but not always, 
contain an abundance of green earth, or chlorite, scattered through the 
substance of the sandstone, limestone, dec. 

Greenstone. A variety of trap, composed of hornblend and feldspar. 

Grit. A provincial name for a coarse-grained sand-stone. 

Gtpsum. a mineral, composed of lime and sulphuric acid, hence called, also, 
sulphate of lime. Plaster and stucco are obtained by exposing gypsum to a 
strong heat. It is found so abundantly near Paris, that plaster of Paris is a 
common term in this country for th,e white powder of which casts are made. 
The term is used by Pliny for a stone used for the same purposes by the 
ancients. The derivation is unknown. 

Gypseous, of or belonginjf to gypsum. 

Gyrooonites. Bod'es found in fresh- water deposits, originally supposed to be 
microscopic shells, but subsequently discovered to be the seed-vesfel of 
fresh-water plants of the genus Chara. Etym.. yvpoi, gyros^ curved, and 
yoyos, gonosj seed, on account of their external structure. 

Hemiptera. An order of insects, so called from a peculiarity in their wings, 
the superior being coriaceous at the base, and membraneous at the apex, 
i}/ii(rv, hemisu, h&ii, and wrtpov^pteron. wing. 

HoRNBLENn. A simple mineral, of^a dark green or black color, which enters 
largely into the composition of several varieties of the Trap-rocks. 

HoRNSTONE. A silicious mineral substance, sometimes approaching nearly to 
flint, or common quartz. It has a conchoidal fracture, and is infusible, 
which distinguishes it from compact feldspar. 

Humerus. The bone of the upper arm. 

HYnnoPHYTEs. Plants which grow in water. Etym.^ iScjpy hydor, water, and 
<l>VTov, phyton, plant. 

Hypoobne Rocks. Those rocks which are nether- formed, or which have not 
assumed their present form and structure at tne surface, such as granite, 
gneiss, &c. This term, which includes both the plutonic and metamorphic 
rocks, is substituted for primary, because some members of both tiiese 
classes, such as granite and gneiss, are posterior to many secondary or 
fossiliferous rocks. Etym., iiro, hypo, under and yivouai, ginomai, to be 
formed or produced. ' ' ' '^ ' r r i a 

lOBBBRQ. Great muses of Vce. oft«a \:h« vkw of \iVU&. which float in the polar 
and adjacent seas. £tym.,\c«^axu&berg^O«nxasiVst\i^. 
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lORTHTOSAvairB. A gigantic foasil marine reptile, intermediate between a 
crocodile and a fish. fStym.^ (X^vc, iethusj a nsh, and vavpa^ seturaj a lizard. 

laNBOUB Rocks. All rocks, such as lava, trap, and granite, known or supposed 
to tiave l>een melted by volcanic lieat. 

Inoandbscbnt. White hot. Having a more intense degree of heat than red 
heat. 

IirouoTiON. A consequence, inference, or general principle, drawn from a num> 
ber of particular tacts or phenomena Tlie inductive philosophy, says Mr. 
Whewell, has been rightly described as a science whicn ascends from par- 
ticular facts to general principles, and then descends again from these 
general principles to particular aj>pI:cation8. 

Infusort Animalcules. Minute living creatures, found in many infusions ; 
and the term infusoria has been given to all such animalcules, whether found 
in InAisions or in stagnant water, vinegar, Ac. 

brsPissATBD. Thickened. Etym.^ spissus, thick. 

Invbrtbbratbd Animals. Animals which are not furnished with a back-bone. 
For a further explanation, see "Vertebrated Animals." 

IsoTHBRMAL. Such zoues or • livisions of the land, ocean, or atmosphere, which 
have an equal degree of mean annual warmth, are said to be isothermal, 
from ivoi isoSf equal, and Bepftrij therme^ heat. 

Joints. Fissures or lines of parting in rocks, often at right ancles to the planes 

of stratification. The partings which divide columnar basalt into prisms, are 

jointa 
JuBA LiMBSTONB. The limestones belonging to the Oolitic Oroup. constitute the 

chief part of the mountains of the Jura, between France and Switzerland ; 

and hence the geologists of the Continent have given the name to the group. 

Kbupbb, a German name for a member of the Upper New Red Sandstone. 
KiMMBBiDOB Clat. A thick bed of clay, constituting a member of the Oolite 

Group. So called, because it is found well developed at Kimmeridge, in the 

isle of Purbeck, Dorsetshire. 

Lacustrine. Belonging to a lake. Etym.^ laeus, a lake. 

Lamantinb. a living ^ecies of the herbivorous Cetacea, or whale tribe, which 

inhabits the mouths of rivers on the coast of Africa and South America: the 

sea-cow. 
Lambllifbbous. Havhig a structure consisting of thin plates or leaves like 

paper. Etym.^ larnelta, the diminutive of tomtno, plate, and /isro, to bear. 
LAMiNiB. Latin for plates; used in geology for the smaller layers of which a 

stratum is frequently composed. 
Landslip. A portion of land that has idid down in consequence of disturbance 

by earthquake, or from being undermined by water washing away the lower 

beds which supported it. 
Lapidifioation— lapidifying process. Conversion into stone. Etym., lapia, 

stone, andJSs, to make. 
Lapilli. Small volcanic cinders. Lapillus, a little stone. 
Lava. Tlie stone wiiich flows in a melted state from a volcano. 
Lepioodbndron, a genus of fossil plants of the Coal Measures, intermediate in 

character between the Lycopoduums and coniferous plants. 
I«BuciTE. A simple mineral, found in volcanic rocks, crystalized, and of a white 

color. Efym., \svkos, leucos, white. 
Lias. A provincial name for an argillaceous limestone, characterized, together 

with Its associated beds, by peculiar fossils, and forming a particular group of 

strata, interpn^d between the Oolite and New Red Sandstone. 
LiONiPERDOus. A term applied to insects which destroy wood. Etym., lignwut 

wood, and perdo, to destroy 
LiONiTK. Wood converted into a kind of coal. Efym.^li^num^ -wood. 
LiTHODOMi. Molluscous auimals, which form holes in solid rocks, in which thev 

lodafe themselves. The holes are not perforated mechanically, but the rock 

appears to be dissolved. Etvm..XtOos, Hthos^ stone, and <J«f«c«t, tfemo, to build. 
LiTHOOENous Polyps. Animals which form coral. 
Lithographic Stone. A slaty compact limestone, of a yellowish color and fine 

grain, used in lithography, which is the art of drawing upon and printing 

from stone. Etym.^ XiOof , lithos^ stone, and ypa(l>(o, grapho^ to write. 
LiTHOiDAL. Having a stony structure. r • i 

Litholooic A l. a term expressing the stony structure or character of a mineral 

mass. We speak of the lithological character of a ctratum as distinguished 

from its zoological character. £7tym., A«»af, Uthoa^ stone, and Aoyof , fc^ftw, 

discourse. 
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LiTHOPHAOi. Molluscous aaimals, which form holes in solid stonea. See ** Lith 
odomi." JE7tym^ XcOoc, Kthos^ stone, and ^^u, phago^ to eat 

LiTUOPHTTBS. The animals which form Stoue-coraL 

Littoral. Belonging to the shore. Etym.^ Uttusj the sliore. 

Loam. A mixture of sand and clay. 

LoPHiODON. A genus of extinct quadrupeds, allied to the tapir, named frMi 
eminences on the teeth. 

Ltoopodiaokjb. Plants of an inferior degree of organijsation to Conifers, some 
~ of which they very much resemble in foliage, bat all recent species are 
infinitely smaller. Many of the fossil species are as gigantic as recent Conif- 
ere. Tiieir mode of reproduction is analogous to that of ferns. In English 
they are called club-mosses ; generally found in mountainous heaths in the 
north of England 

Ltdian Stonb. Flinty slate ; a kind of quartz or flint, allied to Homstone, but 
of a grayish-black color. 

Maoiono. In Italy this term has been applied to a silicious sandstone, sometimas 
containing calcareous grains, mica, dec. 

Madrepore. A genus of corals, but generally applied to all the corals distin- 
guished by superficial star-shaped cavities. There are several fossil species. 

Maonbsiam Limestone. An extensive series of beds, the geol(^ic«l position of 
which is immediately above the Coal Measures ; so called, because the lime- 
stone, the principal member of the series, contains much of the earth msg- 
nesia as a constituent part. 

Mammifbrous. Mammifers. Animals which give suck to their young. Tb this 
class all the warm-blooded quadrupeds, and the Cetacea, or whales, belong. 
Etym.^ mamma^ a breast ,/ero, to bear. 

Mammillart. a surfigure which is studded over with rounded projections. 
Etym.^ mammilla^ a little l»'east or pap. 

Mammoth. An extinct species of the elephant, (E.primigeniua.) of which the 
fossil bones are frequently met with in various countries. The name is of 
Tartar origin, and w iii?ed in Siberia for animals that barrow under ground. 

Manati. One of the Cetacea, the sea-cow, or lamantine 

Marl. A mixture of clay and lime ; usually soft, but sometimes hard, in which 
case it is called indurated marl. 

Marsupial Animals. A tribe of quadrupeds having a sack or pouch under the 
belly, in which they carry their young, the kangaroo is a well-known exam- 
ple. Etym., mareupium, a pur^e. 

Mastodon. A genus of fossil exthict Quadrupeds, allied to the elephants ; so 
called from the form of the hind teetn or grinders, which have their surrace 
covered with conical mamillary crests. Etym., ftaaros, nuutosj pap, and 
oSovs, odous, tooth. 

Matrix. If a simple mineral or sliell, in place of being detached, be still fixed 
in a piNtion of rock, it is said to be in its matrix. MtitriXj womb. 

Mechanical Origin. Rocks of. Rocks composed of fsand, pebbles, or frag- 
ments, are so called, to distinguish them from those of a uniform crystaline 
texlure, which are of chemical origin. 

Medusa. A genus of marine radiated animals, without shells; so called, 
because their organs of motion spread out like the snaky hair of the fabulous 
Medusa. 

Meoalosaurus. a fossil gigantic amphibious animal, of the saurian or lizard 
and crocodile tribe. Etym., neyaXri, megale, great, and travpa, saura^ lizard. 

Mboatherium. a fossil extinct quadruped, resembling a gigantic sloth. Etym.^ 
ftsya, mfigOy great, and Oripiov, therion, a wild beast. 

Mblastoma. a genus of MELASTOMACEiB. an order of exotic plants of the ever- 
green tree, and shrubby kinds. Etyin., ucXag. melas, black, and tm^a^ 
stoma, mouth ; because Ihe fruit of one of tne species stains the lips. 

BIbsotypb. a simple mineral, white, and needle-shaped, one of tne Zeolite 
fiunily, frequently met with in the Trap-rocks. 

BIbtamorphic Rocks. A stratified divis.on of hypogene rocks, highly crystal- 
ine, such as goeiss and mica-shist, and so named because they have been 
altered by plutonic action. Etym., /lera, meta, trans, and fiop^ri, morphe^ 
form. 

Mica. A simple mineral, having a shining silvery surface, and capable of being 
split into very thin elastic leaves or scales. It is often called talc in common 
life ; but mineralogists apply the term talc to a different mineral. The bril- 
liant scales in granite are m.ca. Etym., mico, to shiLC. 

Mioa-slatb, Mica-shist, Micaceous Shistus. One of the metamorphic or 
crystaline stratified rocks, of ttveYiy^o^%w*^\a«i^vj\vich is characterized by 
being composed of a largt pTopoxtMrn ^ mSca^ ^uuV^^hi'vCkv c^aaxVu 
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Mtoosm. A division of tertiary stnira intervening between the Eocen6 and 

Pliocene formations ; so called, because a minority of its fossil diells arfl 

referable to living species Etym., n€ta>¥, t/wion, less, and Kdivos, kainoBj 

recent. 
MoLASSB. A provincial name for a soft green sandstone, associated with marl 

and conglomerates, belonging to the Miocene Tertiary Period, extensively 

developed in the lower country of Switzerland. Etym.^ French, moUe, soft 
MoLLUsGA, Molluscous Animals. Animals, such as shell-tish, which, being 

devoid of bones, have soA bod.ea Etym.^ math's, soft. 
Monad. The smallest of v'sib'e animalcules, spoken of by Buffbn and his fill* 

lowers as constituting the elementary molecules of oi^anic beings. 
Monitor. An animal or the saurian or lizard tr.be, species of which artf found 

in both the fossil and recent stare. 
MoNocoTYLBDONous. A gi^nd division of the vegetable kingdom, (including 

palms, grasses, Liliace:p, &c.,) founded on the plant having only one cotj^edon, 

or seed-lobe. Etym., fiovoi^ montjs^ single, KorvXriSov, cotyledon. 
Moraine, a Swiss term for the debris of rocks brought into valleys by 

glaciers. 
MoacHus. A quadruped, resembling the chamois, or mountain goat, fh)m which 

the perfume musk is obtained. 
Mountain Limkstone, or Carbonifbrous Luf bstonb. A series of limestone 

strata, of marine origin, usually forming the lowest member of the Coal 

Measures. 
MoTA. A term applied in South America to mud poiuisd out from vokanoas 

during emptions. 
MuLTiLOCULAR. Mauy-chambered ; a term applied to those shells which, like 

the nautilus, ammonite, and others, are divided into many compartments. 

Etym., multua, many, and loctdus, a partition. 
MURLA.TE OF SooA. The 8c entific name for common culinary salt, because it ia 

composed of muriatic acid and the alkali soda. 
MvBACEJi. A family of tropical monocotyledonous plants, including the banana 

and plantains. 
MuscHBLKALK. A limsstoue, belonging to the Upper New Red Sandstone 

group. Its position is between the Magnenian Limestone and the Lias. 

This formation has not yet been found in England, and the German name ia 

adopted bv English geologists. The word means shell-limestone. Etym.^ 

muschelj shell, and kaUcatein, limestone. 

Naphtha. A very thin, volatile, inflammable, and fluid mineral substance, of 
which there are springs in many countries, particnlarly in volcanic districts. 

Nbw Red Sandstone. A formation so named, because it consists chiefly of 
sandy and argillaceous strata, the predominant color of which is brick-red, 
but containing portions which are of a greenish-gray. Tliese occur often in 
i^ots and stripes, so that the series has sometimes been called the variesated 
sandstone. This formation is divided into the Upper New Red, in which the 
MuEcbelkalk is included, and the Lower New Red, of which the Magnedan 
Limestone is a member. 

NoDULB. A rounded irregular-ediaped lump or mass. Etym.., diminutive o( 
nodusy knot. 

If ormai. Groups. Groups of certain rocks, taken as a rule or standard. Etym.^ 
norma, rule or pattern 

NucLBus. A solid central piece, around wh'ch other matter is collected. The 
word is [/Stin for kernel 

NinfMULiTES. An extinct genus of the order of molluscous animals, called 
Cephalopod.L, of a thin lenticular shape, internally divided into small 
chambers. Etym.., nummus, Latin for money, and Xi0«f, lithos, atone, from 
its resemblance to a coin. 

Nupuar. a yellow water-lily. 

Obsidian. A volcanic product, or ^ecies of lava, very like common green 
bottle-glass, which is almost black in large masses, but semi-trancparent in 
thin fragments. Pumire-stone is obsidian in a frothy state ; produced, moat 
probably, by water that was contained in, or had access to the melted stone, 
and converted into steam. There are very often portions in masses of solid 
obsidian, which are partially converted into pumice. 

Ochre. A yellow powder, a combination of some earth with oxyd of iron. 

OoTOiAN Dbluoe. a great inundation mentioned in fabulous history, supposed 
to have taken place in the reign of Ogyges, in Attica, whose death is fixed, in 
Blair's Chronological Tables, m the year 1764 before Christ 

Old Red Sandstone. A formation immediately below the Carboniferous 
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Group. The term Devonian has been recently proposed for strata of thif 

age, because in DeToushire they are largely developed, and contain many 

orfauic remams. 
OuviNB. An olive-colored, semi-transparent, s'mp!e mineral, very often occur* 

rinf in the form of grains and of crystals in basalt and lava. 
OoLiTB, OouTic. A limestone ; so na'med, becaui>e it is composed of rounded 

particles, like the roe or e^grs of a fish. The name is also applied to a lar|[e 

Itrvmp of itrata, characterised by peculiar fossils, in which limestone of this 

texture M*curs. Etym., <Mir. wn, egg, aud \tOot, lithosj stone. 
Otalisid Wood. Wood petrified by silicious earth, and acquiring a struaurt 

similar to the simple mineral callM o|ial. 
QPBiDiors RxpriLBS. Vertelurated animals, such as snakes and serpentSi 

Efym.^ o^f opkis, a serpent. 
OftOANic RBMAUts. The remains of animals aud plants {organited bodiei) 

found in a fossil state. 
OaTHOcaRATA. or OaTuocsajs. An extinct genus of the order of molluscous 

animals, called Cephalopoda, that inliabited a long-chambered conical shelli 

like a straight hi^rn. Etym., op6us, ortho9, straight, and KtpaSy ceras, horiL 
OesBors Brbccia. The cemented mass of fragments of bones of extinct 

animals, fouml in caverus and fissures. Osteotu is a Latin adyective, 

Signifying bony. 
OsTBOi^Mr. That division of anatomy which treats of the bones ; from svrtsv, 

oHron^ a bone, and Xs>sf, ftwo*, a discourse. 
OirrLiBiis. When a portion m the stratum occurs at some distance, detached 

from the geueral ma» of the foruMtion to which it belongs, some practical 

mineral surveyors call it an tmtliery aud the term is adopted in geological 

laugiuge. L<g«. 7^ 
OvATB. The shape of an ^. £lym., vrum, egg. ' 

Oviros IT iN« ■ Ttie lay ing of eggs. 

OxTD. The combinalHin of a metal with oxvgen ; rust is oxyd of iron. 
OXYOBM. One of the coiu4ituent parts of the air of the atmoqibere ; that part 

w h ch supports life. For a ftirtner e.tpIanation of the word, consult element* 

ary works on cliemistry. 

Pacuydbbxata. Au onier of imadruped^, including the elephant, rhinoceros, 

hor«e. pig, Ace, diMiiutuislied by having thick skins. J?/ym., iraxvf./MuA««, 

thick, and iVofia, dcrwia, skin or hide. 
PACHYPKRMAToi's. Belonging to Parlmlermata. 
PALXOTHKKirx. PALBorHKRB. A fo;»il extinct quadruped, belonging to the 

onler Paohvderniuto, resembling a pie or tapir, but of great size. Etym.^ 

r«Aaio$. pmaiifs, ancient, and 0spiov. therion, w^ild beast. 
Paubontolooy. The sciiMice wh'ch treats of fo^il remains, both animal and 

vegetable. Etym.y raAaiu». patai*ts^ uucieut, ovra, onta^ beings, and Xoyof^ 

iMrus, a discourse. 
Pblaqian, PsuiQXO. Belttiipng to the de^p sea. Etym., jt^agvs, eea. 
PBrsRiNo. An lial an name lor a particular kind of volcanic rock, formed, like 

tutr. by the cetnentiiu; together i^f volruirc sand, cinders, or scoric, &c. 
PsTROLBrM. A luiuul nimerat pitch. si> catleil becaiii^e it is seen to ooze like oil 

out of the rook. Ktym., /-'.'ra, n>ck. and oleum, oil. 
Phjbnoo Axoi's, or Pu a n kho )A mic Plan rs. \ name given by I.tnnKiis to those 

plants lu which the repruducilve or;:ans are apparent. Etym.y ^a^pos^ 

phanetv*, evHient, i>r *^aivo>, f haino^ to show, and > Oftoi. famos. marriage. 
PHLBO&.BAN FiiiLPS. i^uimi Ph!e.rniM, or "the Burnt Fields.*' The country 

around Naples, so named by the Greeks, from the traces of igueous action 

every whore viable. 
Phoxolitb. Set " Clinkstone." 

Phbyoanba. a genus of four-winged insects, tlie larvs of which, called caddis- 
worms, are used by angle- s as a bait. 
Pbysics. The department of sc euce wh'ch treats of the properties of natural 

bovl es, laws of motion. &c. ; sometimes called natural philosophy and 

mechanical philosophy. Etym., ^wrti^phyti*^ nature. 
Phttology, Puytolaoical. The department of science which relates to 

plant»--sYnonymous with botany and botanicaL Etym.j ^vrvv, pkyton, 

plant, ana Xo>-oi, hJfOi* «liscourse. 
PUYTOPHAoors. Plant-eating. Etym.^ <^vrov, phytoHj plant, and ^y w^phagOj 

to eat 
Pisolitb. a stone, possessing a structure like au agglutiiudion of pease. 

Etym.^ riffoy. pisiM. pea, and Xttfvc. litMot^ stone. 
PiSTiA . The plant mentioned bv Mahe-Brun is probably the Putia Stratiotet^ a 

noting pUnt, related to English duck-weed, but very much larger. 
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Fit Coal. Ordinary coal ; called so, bocaiue il ia obtained Ytj sinking pita In 
the ground. 

P1TCH-8TONB. A rock of uniform texture, belonging to the unatratifled and vol* 
canic claaaea, which has an unctiioua api>earance, like indurated pitch. 

Plastic Clay. Oue of the ImUs of the Eocene Tertiary Period ; ao c«Iled, 
because it ia used for making pottery. Tlie formation to wliicli this name ia 
applied, ia a seriea of beds, chiefly aanda, with which tlie clay ia aaaociated. 
Efifm., fr\aaab},p/euaOj to torm of fashion. • 

PLB8IO8AURU8. A toaail extinct amphibious animal, re^mbling the saurian, or 
lizard and crocodile tribe. Etym.^ irXi^o-iov, jjiesicn, near to, and (avpa, 
aaura^ a lizard. 

Pliocbnb, Oldbr and Newer. Two diviaions of the tertiary period which are 
the most modern, and of which the largest part of tho fossil aliells are of 
recent species. Etym.^ irXtitov, pinion ^ more, and icdiyof, kcunos^ recent. 

Plutonic Action. The iutluence of volcanic lieat and other subterraiieaa 
causea uurler preMvure. 

Plutonic Rocks. Granite, porphvry, and otlier iffneous rocks, supposed to 
have consolidated from a melted state at a great depth from the surface. 

PoLTPARiA. Corals. A numerous class of invertebrated animals, belonging 
to the great division called Kad'ata. 

Porphyry. An unstratified or igneous rock. The term is as oltl as tlie time of 
Pliny, and was applied to a red rock with small, angular, white bodies 
diffused through it, which arc crystalized feltlsiiar, brougiit from Ufrypt. 
The term Is hence appl ed to every species of unstratified rock in which 
detached crystals of feuls})ar or some otlier minerals are diffused tlirough a 
base oi other mineral composition. Etyin., irop(f>vpa, porphyra^ purple. 

Portland Limestone, Portland Beds. A seres of limestone strata, t>e long- 
ing to the upper part of the Oolite CJroup, found ch'efly in England, in the 
isuind of Portland, on the coast of Dorsetshire. Tlie great supply of the 
building-stone used in London, is from thepe quarries. 

PuzzuoLANA. Volcanic ashes, larf^ely lued as mortar fur buildings, similar in 
nature to what is called, in this country, Roman cement. It gets Us name 
from Puzzuoli.a town in the bay of Naples, from which it is shipped in large 
quantities to all parts of the Mediterranean. 

pRXCiPiTATS. Substances which, havinir been dissolved in a fluid, are sep 
aruted from it by combining cltemically, and forming a solid, wliich falls to 
the bottom of the fluid. This process is the opposite to that of chemical 
solution. 

Product A. An extinct genus of fossil bivalve shells, occurring only in the older 
secondary rocks. It is closely allied to the living genus Terebrmtula. 

PrsRODACTYLB. A flying reptile : species of this genus liave been found In the 
Oolite and Muscholkalk. Borne of the tincor-JoiiitK are lengthened, so as to 
serve as the expansors of a membraneous wing. Hence the name wing-Jin- 
gered. Etym., vrepop pterun, a wing, and AoKTvXot, dacfyltMi. a Auger. 

PuBKSOBNOB. Tlio soft hairy down on insects. Elym.j ptihetco^ the flrst 
growth of the beard. 

Puddimo-btonb. See " Comtlomerate." 

PuMiCB. A light spongy lava, chiefly folds))arh:c, of a white color, produced by 
gassea, or watery vapor getting access to the particular kind of glassy 
hva, called obs:d:an, when in a state of fusion : it may be called the froth of 
melted volcanfc glafs. The word comes from the Latin name of the stone, 
pumex. 

PuRBBCK Limestone, Pitrbeck Beds. Limestone strata, belonging to the 
Wealden Group, whxh intervenes between the Green-sand and the Oolite. 

Pyrites. (Iron.) A compound of sulphur and Iron, found uniaily in yellow 
shining crystals like bniss. and in almost every rock, stratiflefl and unstrat- 
ified. The shmins metallic bod es so often Feen In common roofing-slate, are 
a&mil'ar examp'e of the minera'. The word is Greek, and Cfimes from 
irvp.pyr. fire; because, under uanlcular circumstances, the stone produces 
spontaneous heat, and even inliammation. 

Pyrometer. An instrument for measuring intentie dejrrees of heat. 

Quadrumana. The order of mammiferous animals to which apes belong. 

Etym., quadrus. a derivative of the I«atiu word for the number four, and, 

manua, hand, the four feet of those animals being, in sr>oie degree, usable as 

hands. , ^ 

QuA-<iuA-VBR8AL DiP. Tlie dip of beds to all points of the comuaBs around a 

centre, as hi the case of beds of lavu round tlie crater of a volcano. Etym.y 

qud-qtU. rersMw, on every siilc. 
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QiTAETS. ▲ German proviucial term, universally adopted iu ac'entific langoaft 
for a simple mineral, composed of pure silex, or earth of flinta : roek-cryt' 
tal is an example. 

QuARTZiTB, or QtTARTZ RocK. An aggre^!e of grains of quartz, aometfmes 
passing into compact quartz. 

Rbd Marl. A term often applied to the New Red Sandi^one. 

Rbticulatb. a structure of cross lines, like a net, is sa id to be ret'culated, firom 
rett^ a net. 

Rock Salt. Common culinary salt, or muriate of soda, found in vast solid 
masses or beds, in differeut formations, extensively in the New Red Sand' 
stone formation, as in Cheshire ; and it is then called rodt-salt. 

EiTBBLB. A term applied by quarry-men to the upper fragmentary and decom- 
posed portion of a mass of stoue. 

RuMiMANTiA. Animals which ruminate or chew the cud, such as the ox, deer, 
^cc. Etym.. the Latin verb rumino, meaning the same (hing. 

Baccharoid. Saccharinb. When a stone has a texture resembling that of loaf- 
suKar. Etym. . o-oirxap, sacchar, sugar, and ciSo^^ eidos^ form. 

8alt Sprinos. Spr'.ngH of water conta-ning a large quantity of common salt. 
They are very abundant in Cheshire and Worcestersliire, and culinary salt is 
obtauied from them by mere evaporation. 

Bjlmdstonb. Any stone which is c-omposed of an agglutination of grains of 
sand, whether calcareous, silxious. or of any other mmeraJ nature. 

Saurian. Any a:iimal belonging to the lizard tribe. Etym.^ cravpa^ aaura, a 
lizard. 

Bust is often used as synonymous with slate ; but it maybe very useful to dis- 
tinguish t>etweeu a sh'tttose and a slaty structure. The hypoeene or pri- 
mary shist^ as they are termed, such osgue'ss, m'ca-sh'st, anu others, cannot 
be split into an indetiuite number of parallel lamina;, like rocks which have 
a true slaty c!eava:;e. The uneven snistuFe layers of mxa sh^st and gne'ss, 
are probably layers of deposition, ^vch have'assumed a crystaline texture. 
See " Cleavage." Elym., schistuSj adj. I^in, that which may be split. 

Bhistosb Rocks. £F<pe "Shist.'- 

BooRiJB. Vulcanic cinders. The word is Latin for cinders. 

Sbams Tliin layers, which separate two strata of greater magnitude. 

Bbcondary Strata. An extensive ser'esof the stratified rocks wh ch compose 
the crust of the globe, with certain characters in common, which distin- 
guish them from another ser'es below them, called primary, and from a third 
series above them, called tertiary. 

Bbcular Rbfriobration. The periodical cooling and consolidation of the 
globe from a supposed original state of flu dlty from heat. ScBoiiuni, age or 
period. 

Bbdimbntary Rocks are those wh-ch have been formed by their materials 
having been thrown down from a state of suspension or solution In water. 

Sblbnitb. Crystalized gvpsum. or sulphate of lime— a simple mineral. 

Sbptaria. Flattened balls of stone, generally a kind of iron-stone, which, on 
being split, are seen to be pcparated in their interior into irregular masses. 
Etym., septa, inclosures. 

Bbrpkntinb. a rock usually containing much magnesian earth, for the most 
part unstratified, but sometimes appearing to be an altered or metamorpbic 
stratified rock. Its name is derived from frequently presenting contrasts 
of color, like the skin of some serpents. 

Bhalb. a provmcial term, adopted by ueulogists, to express an indurated slaty 
clay. Etym., German, aca^on, to peel, to split. 

Bhbll Marl. A deposit of clay, peat, and other substances, mixed with shells, 
which collec's at the bottom of lakes. 

Bhinolb. The loose and comple'ely water- worn gravel on the sea-shore. 

BiLBx. Tlie name of one of the pure earths, being the I^tin word for flint, 
which is wholly composed of that e.irth. French geologists hnve appred it 
as a generic name for all minerals composed entirely of that earth, of whicl- 
tiiere are many of difTere'it external forms. 

Silica. One of the pure earths. iE7/y7/t, fitVejr, flint, because found in that min- 
eral. 

Silicate. A chemical compound of sil-ca and another substance, such as sili- 
cate of iron. Consult elementary works oi chem'stry. 

BiLicioTTs. Of, or belonging to the earth of flint. Etym., silex, which see. A 
silicioufl rock is one mainly composer! of silex. 

SiLiciFiun. Any substance that is petrified or mineralized by silicious earth. 

Silt. Tlio more comminuted aand, clay, and earth, whxh is transported by 
ininning wafer. It is often accumu'afed by currents in banks. Thus, the 
mouth of a river is silted up when its entrance into the sea is impeded bv 
such accumulation of loot«« ma*.eT\a.\a. 
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tmnm Mikbbal. Individoal mineral subitanees, aa diatiOfaidMd from rock% 
which last are usually an aggregation of simple minerals. They are not 
simple in regard to their nature ; for, when subjected to chemical analysis, 
they are found to consist of a variety of different substances. Pyrites is a 
simple mineral, in the sense we use the term, but it is a chemical compound 
of sulphur and iron. 

teiTBR, Calcarbous or SiLicions. A German name for a rock precipitated 
from mineral waters. Etym.^ sintem^ to drop. 

IkjiTB. See "■ Cleavage" and '^Shist." 

tlOLFATARA. A volcanic vent, from which sulphur, sulphureous, watery, and 
acid vapours and gasses are emitted. 

Bpoeuijis. The reproductory corpuscula (minute bodies) of cryptogamic plants. 
Etym.f (ntopa, spora^ a seed. 

BTALAOriTs. When water holding lime in solution deposits it as it drops from 
the roof of a cavcrru, long rods of stout hang down ake icicles, and these are 
called atalactitea. *Etym.. oraAa^b), sfeUaxe^ to drop. 

Btalaomitk. When water holding lime in solution drops on the floor of a 
cavern, the water evaporating leaves a crust composed of layers of Umestone : 
such a crust is called staiagmite from oraXa^fta, 9tdlagmay a drop, in oppo- 
sition to stalactite, which see. 

Btatical FrouRB. The figure which results from the equilibrium of forces. 
From vraroi, staios^ stable, or standing still. 

Btbrmum. Tlie breast-bone, or the flat bone occupying the front of the chest 

BTiLBrrB. A crystalized simple mmeral, usually white, one of the Zeolite fiunily, 
frequently included in the mass of the Trap-rocks. 

Btbatifibd. Rocks arranged in the form of strata^ which see. 

Stratification. An arraugemeDt of rocks in strata, which see. 

Strata, Stratum. The term stratum, derived from the Latin verb slmo, to 
strew or lay out, means a bed or mass of matter spread out over a certain 
surface by the action of water, or in ^gfne cases by wind. The depoaition of 
successive layers of sand and graveiin the bed of a river, or in a canal, 
affords a perlect illustration botii of the form and origin of stratification. A 
large portion of the masses constituting the earth's crust are thus stratified, 
the successive strata of a given rock preserving a general parallelism to each 
other ; but the planes of stratification not bein^ uCTfectly parallel, throughout 
a great extent, like the planes o( cleavage, which fee. 

Strikk. Tlie d:rection or hue of bearing of strata, which is always at right 
angles to tlieir prevaihn^: dip. 

Stuf AS. Jets of steam issuing from fissures in volcanic regions, at a temperature 
often at>ove the boiling point. 

BiTB APBNNiNES. Lo w bills, which skirt or lie at the foot of the great chain of the 
Apenuiues in Italv. The term Suhopennine is applied geologically to a series 
of strata of the Older Pliocene Period. 

Btbnitb. a kind of granite ; so called, because it was brought from Syene in 
Egypt. 

Talcs. When fragments are broken off by the action of the weather fi^m the 
fcceof a steep rock, as they accumulate at its foot, they form a sloping heap, 
called a talus. The term is borrowed from the language of fortification, 
where talus means the outside of a wall, of which the thickness lidiminishea 
by desnrees, as it rises in height, to make it the firmer. 

Tarsi. Tlie feet in insects, which are articulated, and formed of fly* or a less 
number of joints. 

Tbrtiart Strata. A series of sedimentary rocks, with characters which die* 
tingulsh them from two other great series of strata-— the secondary and pri- 
mary— wh'ch lie beneath thmn. 

Tbstaoba. Molluscous animals, having a shelly covering. Etym.y teata^ a 
shell, such as snails, whelks, oysters, &c. 

Thermal. Hot. Etym., Bepftos, thermos, hot. 

Thermo-electricity. Electricitv developed by heat. 

Thin out. Wlien a stratum, in the course of its prolongsCion in any dhrection, 
becomes gradually less in thickness, the two surfaces approach nearer and 
nearer ; and when at last they meet, the stratum is said to thin out, or 
disappear. 

Traohttb. a variety of lava, essentially composed of glassy feldspar, and fre- 
quently having detached crystals of feldspar in the iMise or body of the stone, 
giving it the structure of porphyry. It sometimes contains hornblend and 
augite ; and when theee last predominate, the trachyte V»saeB into the varie- 
ties of trap called Greenstone, Basalt, Dolorite, &c. The term is derived 
from rpaxoi, traehu*. rough, because the rock has a peculiar rough foeL 

36 
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Tbaf and TnAwrrnkm Kocmb. Vokanic rocka, compoaad of Mdipar, angite, and 
hombleDd. Tlie Tarioua proportiona and atat* of agp^aticHi of theae aim- 

Cle nilnerala, and differencea in eztamal ibnna, five riae to rarietSea, which 
ave recaired dialinct appellationa, aoch aa fiaialt. Amygdaloid, Dolorite, 
Greenatone, and othera. The term la derived from trappoy a Sweedish word 
for atair. because the rocka of this claaa aometimea occur in kurge tabular 
iiiiBWii, riainf one above another, like stepa. 

Tka VBKTiN. A white concretionary limcatoue, usually hard and aemi-cryataline, 
depoaited from the water of q)ring8 holding lime in solution. — Etym. This 
atone waa called by the anciilut Lapia Tiburtinua, the alone being formed in 
great quantity by the river Anio, at Tibur, near Rome. Some auppoee tra- 
vertin to be an abbreviation of traateverino, from tranaliburtinna. 

TaiPOLi. The name of a powder, used for poliahing metala and atonea, first 
imported from TripoU. which, aa well aa a certain kind of ailicioua atone of 
the aame name, haa been lately found to be compoMd of the flinty cases of 
Infusoria. 

Tbophi, of Inaecta Organa which form the mouth, conaiating of an upper and 
under lip, and comprising the parta called mandiblea, maxiUiB, and palpi. 

Ti:fa, Calca rxocb. A poroua rock, deposited by cateareoua waters on their 
exposure to the air, and usually containing portions of plants and otlwr 
organic aubotaneea incruaied witn carbonate ot lime. The more solid form 
of the aame deposit ia called ** travertin," into which it paasea. 

TiTFA, VoLOANio. Set *• Tuff." 

TtVACBOus. A rock, with the texture of tuff, or tu&, which see. 

Tuff, or Tufa, Volcanic. An Italian name for a variety of volcanic rock, of an 
eanhy texture, seldom very compact, and compoEed of an agglutination (tf 
fragmenta of scoris and loose materials ejected nrom a volcano. 

TuRBUfATBD. Shells which have a ^iral or screw-form structure. E^fm., 
turbinahu, made like a top. 

Tuxrilitb. An extinct genua of chambered shells, allied to the Ammonites, 
having the siphuncle near the dorsal margin. 

ITnconformablb. See " Conformable." 

Unoxtbizbd, Fnoxtoatbd. Not combined with oxygen. 

Vbins, Mineral. Cracks in rocks, filled up by substances different from the 
rock, which mav either be earthy or metallic. Veins are sometimes many 
yards wide ; and they ramify or branch off into innumerable smaller parts, 
oAen as s'ender as threads, like the veins in an animal : hence their name. 

Vbrtebratbd Animals. A ^eat division of the animal kingdom, including all 
those which are fiirniahed w ith a back-bone, as the Mammalia, birds, reptiles, 
and fishes. The separate joints of the back-bone are called vertebra, from 
the Latin verb verto, to turn. 

Vesicle. A small, circular, inclosed space, like a little bladder. Etym.^ dimi- 
nutive of reatca, Latin for a bladder. 

Vitrification. The conversion of a body into glass by heat. 

Volcanic Bombs. Volcanoes throw out sometimes detached masses of melted 
lava, which, as they fall, aFsume rounded forms, (like bomb-^tls,) and are 
often elongated into a near-shape. 

Volcanic Foci. The subterranean centres of action in volcanoes, where the 
heat ia supposed to be in the highest degree of energy. 

Wackb. a rock nearly allied to basalt, of which it may be regarded as a soft 

and earthy var'cty. 
Warp. The deposit of muddy waters, artificially introduced into low lands. 

Zeolite. A family of simple minerals, including stilbite, mesotype. analcime. 
and some others, usually found in the trap or volcanic rocka Some of the 
most common variet-es swell or boil up wnen exposed to the blow -pipe, and 
hence the name of ^ca>, zeo, to boil, and Xi9of, lifhoa, stx>ne. 

Zoophytes. Corals, sponges, and other aquatic animala allied to them ; so 
called becauEe, while they are the habitation of animals, they are fixed to the 
ground, and have the forms of plants. Etym., ^oov, xoon, animal, and 
^VTovy pkyton, plant. 
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SrPKRIOR T£1ILT BOOKS. 

The attention of Toanhers, School Conunittees, and all inter- 
ested in pood education, is solicited to tlie following School 
Books, which are for sale by booksellers generally, viz : 

BULLIONS' SERIES OF GUAMMARS: 

Practical Lessons in English Grammar and Compositioit. 

The pRiNriPLKS of Knglish Grammar, for SciiooIjS. 

Latin liKssoNs, with Exkucises, by G. Spencer, A. M. 

The Principles of Latin (trammar. 

Latin Keader, with the Idioms and Vocabulary. 

Cjf:sAR's ^ Commentaries, with Notes and Vocabulary. 

The Principles of (ireek Grammar. 

A Greek Header, with Idioms, Notes and Vocabulary. 

These Books have obtained a sterling reputation throiighoat 
the country. They are found to be remarkably clear and simple, 
and to contain every thing necessary to good scholarship, without 
redundancy. The definitions of the various languages being ex- 
pressed, as far as possible, in the same terms, the pupil progresses 
with rapidity, and saves months of the time spent in using the 
usual class books. In fact, Dr. Bullions^ books are precisely 
adapted for teacthing, and save both time and expense, being sold 
at low prices, though made in the best style. They are in use in 
some of the best schools and colleges it is believed in every State 
in the Union. They are recommended by — 

Hon. J. A. Dix, U. S. Senator. Professor IIoyt, of Lima InsH- 
Bishop Potter, formerly of tute- 

Union College. Rev. J. Ludlow, Provost of 

Rev. J . Vy^. Alexander, D. D., Pennsylvania University. 

of Princeton College. Thomas Eustaw, Esq., of St 

Rev. B. Hale, D. D., President Louis. 

of Geneva Colletre. Professor J. Greene, of Madi- 

Rev. C. Mason, 1). D., of New son University, Indiana. 

York University. President E. H. Kevin, of 

Professor WhkktojXj of Middle- Franklin College, Ohio. 

totcn College. President T. II. Biggs, of Cinr 

Rev. H. Bannisteb, D. D., of cinnati College. 

Oneida Institute. Professor VV. II. McGuffey. 

And a great number of eminent scholars and teachers in Ken- 
tucky, Tennessee and other States. 



TK\Hs^^v 



ADVERTI8EBIENT. 

V 
Cooper's Virgil, with Engubh Notks, Mytholooicai^ 
Biographical, Historical, &c. 

The Illl'strative Depiner, a Dictionary of words in common 
use ; is iitU'iided to teach children, by examples and by exercises 
in cumposition, the true, detinite -meaning of words, and exhibits 
aJi Mr- (jlalluudut's well-known capacity as an instructor of youth. 

The Pictoral Spelling Book, by R. Bentley,is a most beau- 
tiful and attractive work for children. 

Olnev's School Geography and Atlas. This work, well- 
known in almost every village in the United States, has recently 
been revised. The Atlas is entirely new, and contains numerous 
maps, exiiibiting every quarter of the globe on a large scale, and 
showing the relative situation of countries more clearly than any 
other atlas. It contains also an ancient map, exhibiting almost 
the entire portion of the world embraced in Ancient History. 
The publishers believe that a thorough examination will convince 
the practical teacher that this work is superior for use to any 
other, and it po.ssesses a perutanent value for daily reference. It 
is easy of compr(>hension, and conducts the pupil in a most natural 
manner to a competent knowledge of Geography. It is deemed 
superfluous to publish recommendations of a work so generally 
known- It is intended that it shall continue to deserve the great 
popularity wtiich it has always maintained, and that the prices 
shall be as reasonable as can be asked. 



BOOKS OiN TIIE SCIENCES, by J. L Comstock, M. D. 

CoMSTOcK'ti System of Natural Philosophy. 
Comstock's Elements of Chemistry. 
Comstock's Elements of Botany. 
Comstock's Outlines of Physiology. 
Comstock's Elements of Mineralogy. 

This series of books is in so general use that the publishers 
would only take occnsion to state that it is found superior to any 
in use in Europe. The Philosophy has already been republished 
in JSeotland ; translated for the use of schools in Prussia ; and 
portions of the Kcries are now in course of publication in London. 
Such testimony, in addition to the general good testimony of 
teachers in tliis country, is sufficient. The Elements of Chemis- 
try has been entirely revised by the author, the present year, and 
contains all the late discoveries- 

Published by PRATT, WOODFORD & CO. 

159 Pearl street, N. Y. 
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